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PREFACE AND ACKNOWLEDGMENTS 

This  r epor t  p resen t s  t h e  findings of t h e  monitoring and evaluat ion e f f o r t  f o r  t h e  

Eas te rn  Senegal  Range and Lives tock Project .  Aside f rom convent ional  ac t iv i t ies ,  t h e  

ea r ly  design included original  f e a t u r e s  -- especial ly w a t e r  c a t c h m e n t  ponds -- e x p e c t e d  t o  

have  significant  exper imenta l  value. 

The  1980-81 Pro jec t  Review and Evaluation, however, highlighted shortcomings in 

extension delivery sys tems  and a serious lack of baseline data ;  t h e  l a t t e r  m a d e  i t  

impossible to gauge t h e  i m p a c t  of key interventions,  and par t ly  jeopardized t h e  very 

just if ication for t h e  project. 

'To address  th is  deficiency,  a t e a m  of r e sea rchers  in r ange  management ,  soils  and 

w a t e r  engineering, and rura l  anthropology, spen t  over  e ighteen months  in t h e  field. T h e  

work they did with t h e  col laborat ion of project  staff leads  us to  t h e  conclusions t h a t  

w a t e r  ponds did no t  provide t h e  expec ted  level  of benefi ts ,  and t h a t  f i r e  con t ro l  

in f ras t ruc tu re  al lowed only for  indi rect  -- al though substant ia l  -- gains. O t h e r  

in f ras t ruc tu ra l  inves tments  have  a l so  had a broad posit ive i m p a c t  on t h e  area .  Finally, 

t h e  reor ienta l ion of extension services  a long r a t h e r  aggress ive  lines made  i t  perhaps  t h e  

rnost successful  of a l l  act ivi t ies.  

In t h e  final analysis, w e  wish t o  s t r e ss  the  appropr ia teness  of in tegra t ing frorn t h e  

very s t a r t ,  solid and pe rmanen t  monitoring programs in to  development  projects. Given 

inevi table  uncer ta in t i e s  a t  t h e  ea r l i e s t  s tages,  they revea l  t h e  e x t e n t  of design f laws ea r ly  

in p ro jec t  history, without much  of t h e  t r a u m a  assoc ia ted  with formal  evaluations. They 

a l so  provide c r i t i ca l  management  information in a t imely  fashion over  t h e  project  life, a s  

well as d a t a  allowing t ransferabi l i ty  of valuable exper iences  ac ross  projects. 

This document  includes e a c h  field researcher ' s  f inal  repor t ,  and a synthesis. T h e  

individual r epor t s  necessari ly present  issues f rom e a c h  specia l is t ' s  professional viewpoint, 

so  t h a t  t h e  synthes is  a t t e m p t s  t o  make  a blending of outlooks as well as a summary  of 

conclusions. 

Carrying o u t  such  a task  c a n  only b e  done with ded ica ted  collaboration and generous  

he!p f r o m  a la rge  number  of people: national  and  USAID project  s t a f f ,  beneficiaries,  local  

author i t ies ,  o t h e r  r e s e a r c h e r s  in Senegal  and t h e  United S ta tes ,  and C U E 0  personnel. 

Some acknowledgments  a r e  m a d e  in  t h e  s e p a r a t e  repor ts ,  but  wi th  apologies t o  t h e  many 
-- 

who c a n n o t  b e  ment ioned individually, we would l ike t o  express  h e r e  our  d e e p  thanks  t o  

Dr. Abdoullaye U. Niang, and  Mr. Larry  Harms, P ro jec t  Di rec to r  and USAID Pro jec t  

O f f i c e r ,  respectively,  as well as t h e i r  s t a f f s ,  f o r  the i r  untir ing willingness to c o o p e r a t e  

wi th  our  team. W e  a r e  also very g ra te fu l  to t h e  young men  and women who g a t h e r e d  



informat ion through t h e  long months,  under very di f f icul t  conditions, and t o  the i r  

supervisors, Daouda NtDiaye and Djibril Diop. Various resea rchers  in Senegal  have  gladly 

shared the i r  exper ience  and t a l e n t  t o  help th is  study,  par t icular ly  a t  t h e  Nat ional  

Lives tock Resea rch  Laboratory ,  at  t h e  PEDSC) l ivestock project ,  and at OKANA, t h e  

Nat ional  O f f i c e  for Kesearch o n  Food Consumption and Nutrition. 

A t  CKED, we benef i t t ed  f rom t h e  mot ivat ing leadership provided by resea rch  p ro jec t  

d i rec to r ,  Edgar Ariza-Nino, and t h e  ever-s teady management  hand of Sherry Cogswell. 

With her  usual skill C a r o l  Wilson d i r e c t e d  t h e  edi t ing process, wi th  t h e  help o f  P a t r i c i a  

Humphrey and Becky Doyle. Many thanks  a lso  g o  t o  J a n e  ltlcCormick who, as usual, 

provided e x t r e m e l y  c l e a r  m a p s  and graphs. 

Most especially, however,  w e  a r e  g ra te fu l  t o  t h e  t h r e e  field researchers ,  and the i r  

famil ies  (especial ly Sara  Anderson-Thomas and G a y  Morgan Allen), f o r  thei r  except ional  

willingness and abil i ty t o  Work t o g e t h e r  and  with o t h e r  p ro jec t  s.aff under d i f f icul t  

conditions. Insofar  as th is  r e sea rch  e f f o r t  provides f u t u r e  guidance f o r  th is  project ' s  

dc t iv i t ies ,  and valuable lessons appl icable  t o  others,  mos t  of t h e  c red i t  unquestionably 

belongs t o  Maryam Niarnir, Chief of P a r t y  and range  manager ;  Allen Clark ,  soils and  
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1. INTRODUCTION AND BACKGROUND 

This is the synthesis of three reports on monitoring and impact assessment for the 

Eastern Senegal Range and Livestock Project (hereafter known as the Bake1 project), as 

amended. The three reports cover Range Management; Soils and Water Engineering; and 

the Socioeconomic Study. 

The original purpose of the project (December 1974), was to protect range resources 

and improve livestock production in  the ToulekediISarre Zone of Eastern Senegal, south 

of the town of Uakel. The project was to provide and test a model for an integrated 

approach to livestock development which might be expanded to other parts of Senegal and 

the Sahel. The main components of the Logical Framework were as follows: 

Project Purpose: Develop a replicable system of integrated stock and range 
management socially acceptable and economically viable. 

Verifiable Indicators: Existence of range and stock, increased target area 
incomes, GOS capability to manage the system. 

Means of Verification: "Properu use of water-points, improved range - 
~ ~ n d i t i o n s ,  improved milk production, catt le numbers kept under a proper 
ceiling, of ftake rate up to 14%. 

Necessary Assumptions: Support by the Government, no unusual constraints on 
production (e.g., weather). Nonuniqueness of the Bake1 area. 

Project Expected Output: Introduction of the concept of: range and of livestock 
management, management capability demonstration, training, research. 

This type of project was given high priority by the Government because of their 

willingness to get over the drought, their sectoral objective of rangeland control and 

development, and the new emphasis placed on an area of the country previously largely 

ignored. In  the subsectoral scheme, the Easternmost part of the country, known as 

Senegal Oriental was to  become a zone de naissage, or breeding area; young animals born 

there were to grow out in  central and western Senegal. 

The project itself was to follow a systemic approach encompassing livestock, -- ~ ~ i o r r - a n d - ~ ~ i r C r m a r r  m y , - t r a n s p o r t a t ~ o n ~ ~ k e t i n g ,  recognmng 

from early on that a major economic problem of the area was isolation and lack of 

transport and communications. Expected impacts on livestock were seen mostly in terms 

of higher fert i l i ty or calving rates, lower mortality, higher cattle weight and sales a t  an 

earlier age, larger herd size, increased sales, and higher milk output. 







To use the information to concurrently regulate animal numbers to 

range-carrying capacity and water supply, that is, to design and test a Range 

Management Plan. 

These two points therefore traced the overall course of research done in  the field for 

over eighteen months by the CKED team: a range manager (Chief of Party), an 

hydrologist/engineer, and a rural anthropologist. They were backstopped by Senegalese 

and USAlD project officers and staff, and at the University of Michigan by a research 

research supervisor project director (agricultural economist), and a socioeconomic 

(natural resource econornis t). 

1.2. RESEARCH APPROACH 

1.2.1. Range Management 

The range management researcher started work in  the area in 
a 

November 1'382. She 

originally faced a lack of systematic data on range resources, as previous technicians had 

tehded to concentrate on particular types of species (lignous, for instance) and specific 

areas. During her first year of work on the project, she therefore concentrated on 

livestock and range management systems; the second year including a more equal balance 

of research and experimentation on a pilot scale. 

Resources studied covered soils, vegetation, water resources and agricultural land 

use, as thcy were affected by the climate and geology of the area. The range resource 

inventory was based on 36 sample sites surveyed over two years and manual interpretation 

of aerial photographs. Vegetation was classified into I I types, and the first detailed soil 

and vegetation mapping for the overall project area was done. The key map shows how 

vegetation is linked to soil types. This is most meaningful for long-term monitoring and 

planning, because a1 though the composition herbaceous species varies much f rom year to 

year, there is more stability in vegetation composition when mapping units are based on 

soil classification. I n  particular, variations i n  woody species correlate best with soil type 

in the long run. 

,4 number of survey efforts aimed to assess overall range productivity. These 



of unsupervised c a t t l e  and bite-count surveys, fecal analysis t o  determine the coinposit ion 

of c a t t l e  diet, and use of water  ponds by livestock. In addition, chemichl analysis of fresh 

milk was carried ou t  at the OLiANA (Office d e  Recherche sur lfAlimen';ation e t  la 

Nutrition en Afrique) in Dakar. 

1.2.2. Soils and Water Engineering 

The hydrologist/engineer worked in the project a r ea  from June 1983 through May 

1984. His primary research task was to study the hydrology of 18 ponds built by the  

project over the years. 'I'his required 'the collection of da ta  on rainfall, s torm runoff  

volume, livestock usagle, pond water  levels and sedimentation rates. 

H e  was further expected t o  supervise the construction of six new ponds by a local 

contractor.  During tha t  t ime he also completed an additional pond with the  project's own 

heavy equipment, used the s ame  to remove sediment from old ponds, and deepen a natural 

pond (koli mare). In addition he was responsible for continued construction of firebreaks 

and access  roads, and for a review of ground water resources. Finally, he made some 

observations on soil erosion. 

1.2.3. Socioeconomic Study 

The socioeconornic study spanned the period of January 1983 to May 1984. Some 

baseline d a t a  had been col lected during earlier phases of the  project, but i t  covered only a 

few speciiic topics, focussed on par t  of the project zone, and was incomplete. Without 

t he  option of doing s t r a igh t foward  before/af ter  comparisons, t he  best approach was to 

gain as clear  an understanding as possible of the overall situation, and a much sharper 

appreciation for specific constraints  to  development. 

The information collected during the socioeconomic study therefore covered a r ea s  

most likely to provide be t t e r  insights into the  socioeconornic, cultural and physical 

milieus. Interviews and surveys were carried out on 20 households in a dozen of villages; 

chief topics included: 

Human demography: household composition, including primary and secondary 
-- ~~et+&i* 1wskOr e d W - i j  -md-migt&ewexperierrce; 

Agricultural and livestock calendars: once, for  all  surveyed households. 

Field surveys: measurements  of a l l  fields of all  surveyed households, and information 

on crops cultivated, fallow, and production. 

Food consumption: each  of  t he  120 surveyed households was followed for  three 

consecutive days, a t  t h r ee  d i f fe ren t  seasons of t h e  year, Type and quantity of food 



prepared,  and t h e  number  o l  consumers,  including pregnant  and nursing wornen w e r e  

recorded. 

Sales  of f a r m  products: fo r  a l l  households, eve ry  two  weeks, recorded sa les  of  c r o p  

and l ivestock products, including milk. 

Purchases  of food i t l z  eve ry  fortnight ,  fo r  a l l  ho~iseholds. 

Hea l th  s t a t u s  and demographic  c h a n g e  over  t h e  survey period: semimonthly 

interviews for e a c h  followed household. 

Evolution of l ivestock holdinas: semimonthly in terviews on changes  in holdings of - 
l a rge  and smal l  ruminants. 

Anricultural  labor  allocation: 30 households w e r e  interviewed daily for  120 days. 

Informat ion covered  t i m e  spen t  by family and  o t h e r s  in t h e  household's fields, and thei r  

ac t iv i t ies ,  

L i f e  h is tor ies  of cows: for  402 cows, l i fe  h is tor ies  including agd, number  of offspring, 

the i r  outcome,  d a t a  on survivors, etc.  

Livestock census: a one- t ime census  of l ivestock holdings of al l  surveyed households. 

Nonaaricultural  incomle_: unscheduled in terviews of a l l  surveyed households, including 

act iv i ty ,  season, and e s t i m a t e d  revenue. 

Infant  [nor  tality: for  al l  surveyed households, pregnancy histories of wolnen, number  

of miscarriages,  in fan t  deaths ,  etc. 

M i ~ r a t i o n :  unscheduled in terviews in a l l  housel-lolds on  t h e  number of years  abroad,  

location, s t a t u s  and p lace  of employment ,  and c u r r e n t  situation. 

Livestock plays a pervading role  in t h e  people1!; social  and economic  lives, and o n e  

had t o  i n t e g r a t e  t h e  social  sys tem in to  resource  management  plans. S o m e  of t h e  

informat ion co l l ec ted  by t h e  socioeconomic t e a m  w a s  t h e r e f o r e  useful  t o  t h e  range  

management  researcher ,  and vice-versa. 

Gather ing informat ion over  t h e  t h r e e  p ro jec t  zones  involved a combinat ion of d a t a  

col lec t ion approaches  a n d  processes. In addi t ion t o  t h e  principal  field researchers ,  severa l  

t e a m s  of pa r t - t ime  o r  full- t ime e n u m e r a t o r s  w e r e  required. These  included junior 

extension stinff assigned t o  villages, women e n u m e r a t o r s  hired and t r a ined  separa te ly ,  a l s o  

assigned t o  c e r t a i n  villages, and smal l  t e a m s  working o n  speci f ic  a r e a s  (measuring fields, 
--.- .- ~. - -- -. -- - -  - ~ ~ . -. -- 
t racking labor a l loca t ion ,  col lec t ing c a t t l e  l i f e  histories). 

T h e  principal  f ie ld  resea rcher  a l so  had t w o  c lose  assistants;  o n e  supervised 
!. 

enumerators! .  and conduc ted  speci f ic  surveys. T h e  o t h e r  verif ied d a t a  and  e n t e r e d  i t  in t o  a 

por tab le  microcomputer.  This  compute r  (Hewlet t -Packard 85) was  opera t ing on  b a t t e r i e s  

powered by a combinat ion of solar  panels and  occas ional  c h a r g e  f rom t h e  Mbaniou base 's  

n igh t t ime  e l e c t r i c a l  genera tor .  



2.1. OVEXALL ENVIRONMENT 

A r e c e n t  study of t h e  Uakel a r e a  has  documented t h e  recurr ing p a t t e r n  of subsis tence  

I cr i ses  t h a t  spanned a n  88-year period f rom 1858 t o  1946. According to admin i s t ra t ive  

I documents  and o r a l  histories of th is  period t h e r e  have  been f ive  major famines  last ing 

e igh t  months  o r  Inore, t h r e e  famines  s t r e tch ing  over  two agr icul tura l  seasons, n ineteen 

famines  last ing t h r e e  t o  e ight  months, and  twelve  periods of hardship t h a t  las ted  abou t  

I two  months e a c h  (Chas tane t ,  l982:H). 

Only t h e  nor the rn  sect ion of t h e  Ololdou Zone would have  been included in the  study,  

and our own exper ience  has  shown t h a t  t h e r e  is wide variat ions in ra infa l l  p a t t e r n s  in t h e  

region. The f a c t  rernains, however, t h a t  t h e  a r e a  has  been plagued with a recurr ing 

p a t t e r n  of  subsis tence  c r i ses  over  t h e  l a s t  hundred years. The social  s t ruc tu res  and  t h e  

econornic s t r a t e g i e s  of t h e  local  population r e f l e c t  th is  fac t .  

Rainfa l l  in t h e  project  a r e a  depends  t o  a l a rge  e x t e n t  on  t h e  seasonal  rnovernents o f  

t h e  " in ter  t ropical  convergence  zone." ~Llost precipi ta t ion occurs  between J u n e  and 

October ;  t h e  occasional  ra ins torms of January  through hlarch do  no t  provide rnore than a 

t r a c e  o f  rain, drying immediate ly  once  t h e  sun reappears.  T h e  ra infa l l  map  of Senegal  

ind ica tes  t h a t  t h e  a r e a  rece ives  500 t o  600 mrn of precipi ta t ion pe r  year; during t h e  

1983-84 survey period o f  o n e  year, precipi ta t ion was  abou t  675 mm. Not only is  the re  

high variabil i ty f rom o n e  year  t o  t h e  next,  t h e r e  is  a l s o  high variabil i ty be tween  months, 

and in s p a c e  a t  any o n e  time. The engineer/soil  sc ient is t ,  for  instance,  repor ted  much 

d i f fe rence  in r e c o r d e d  ra infa l l  f r o m  gauges  located 500 m e t e r s  apar t .  

The  e x t r e m e  uncer ta in ty  of rainfall  p a t t e r n s  strongly inf luences  t h e  socia l  and 

economic  l ives of t h e  population in t h e  project  zones. Between t h e  two  vil lages of  

Mbaniou and Ndia, only seven ki lometers  a p a r t  on a north-south axis, t h e r e  w e r e  on 

severa l  occas ions  d i f fe rences  of 20 to  50 mrn in rainfall. T h e  i r regular  t iming of r a ins  c a n  

b e  highly disrupt ive  as well. During t h e  1983 agr icul tura l  season, t h e  maize  c r o p  was  

a l m o s t  ent i re ly  los t  throughout t h e  project  a r e a  mainly because  c r i t i c a l  ra ins  did n o t  
' 

o c c u r  a t  - t h e  r ight  time. 

T h e  most  impor tan t  physical  f e a t u r e  of t h e  p ro jec t  a r e a  is  t h e  sha rp  d i f fe rence  in 

soils, vegetat ion,  and w a t e r  resources,  be tween  t h e  Gambia  Kiver and t h e  Senegal  River  

watersheds. r h e  t w o  basins a r e  separa ted  by a n  esca rpment  l ine  running approximate ly  

north-south. T h e  height of t h i s  e sca rpment  does  no t  e x c e e d  70 mete r s ,  but  i t  e x e r t s  a 

s t rong  inf luence on t h e  ecology of t h e  area.  T h e  Gambia  Basin (wes t  of t h e  esca rpment )  



of ironstone. The Senegal iiiver Basin, on the other hand, has seen a gradual erosion of 

the continental terminal by the river and its tributaries, so that the bedrock is exposed in 

many areas. Along the eastern edge of the continental terminal, the more advanced 

erosion process has left a deep sandy area, I to 2 kilometers in width. 

The project area covers approximately 260,000 hectares. It is  administratively 

divided into three zones: the oldest zone, Mbaniou, and two new zones, designated as the 

Olold~u and Sinth~ou Fissa Zones, wh ich  were added to the project in 1980. At its widest 

points the project area is approxirnately one hundred kilometers wide by one hundred 

kilometers long (see Map I. I.). 

2.1.2. baniou Zone 

Population is concentrated along two axes. There are a number of villages along the 

L3akel-Mbaniou-Goudiry road, and a number of villages along an east-west axis starting 

from Mbaniou. These villages have been linked by a project firebreak. The thirteen 

villages in the area are all small, ranging in population from less than 100 to 

approximately 350 inhabitants. 

2.1.2. Sin thiou Fissa Zone , 

'The Sinthiou Fissa Zone has by far the largest number of villages; most are 10 to 15 

kilorneters from the Uakel-Kidira-Goudiry road. The major villages of Dele, Sinthiou Fissa 

and Youpe tiarnady are along the road itself, but an important line of villages is located 

just east of the escarpment. Some of these have major problerns with water for human 

consunlption. 'The villages of Wali Diala, 13irfa1,and tiourel hlarnan Ndieye, are totally 

abandoned during the dry season. 

2.1.3. Ololdou Zone 

The Ololdou Zone has two main clusters of villzges. The northernmost of these 

consist of small villages along the Uakel-Mbaniou road between Bake1 and the 

escarpment. These villages range in population from a 125 to 150 or less. The second 

concentration of villages lies along the 13akel-Kidira road where the villages of Bema and 
. .- - - 

Sarre are  located. The largest community in the zone is the small town of Ciabou. 

2.2. WATER KESOURCES 

Groundwater conditions are quite different on e2,tler side of the escarpment dividing 

the project zone into the Senegal River Basin and the Gambia Basin watersheds. The 



and there s e e m  to be little potential for high yielding wells in the area. The best 

approach is probably to deepen and improve existing wells to increase their supply. There 

are two exceptions to this in this watershed, near the settlements of Ciabou and Ololdou. 

Uoth are located in basin bottoms surrounded by hills, and have good wells feeding from 

geological faults. 

The Carnbia Kiver Basin essentially covers the Mbaniou Zone, geologically called the 

continental terminal. It consists of oceanic sediments overlaying bedrock. Throughout 

the zone there is a sandy layer starting a t  a depth of 30 to 40 meters, which contains 

significant quantities of water. It is sometimes broken by strata of sandstone or large 

rock fragments, but generally s e e m  to yield more water the deeper it is penetrated. 

~Measurernents made over the past several years by a FA0 hydrologist indicate Little or no 

drop in the water table elevation. Therefore, there seerns to be ;i good supply of wa.ter in 

the aquifer. 

Most wells in the Mbaniou Zone are large bore wells dug by local craftsmen. Above 

the water level, concrete is plastered over wire netting and reinforcing rod, while below 

the water, pipe sections fabricated on the surface are sunk into the water-bearing strata. 

These local wells are inadequate; they do not sufficiently penetrate the aquifer, and 

prefabricated pipe sections collapse after a short time. 

The dependence of agricultural activity on groundwater as w e l l  as on timely rainfall 

is exemplified in the Sinthiou Fissa Zone by a group of villages located just east of the ' 

escarpment. These are inhabited only during the growing season as long as standing water 

is available. When this ruris out, the three villages of Birfal, Courel Maman Ndieye, crnd 

Waly Diala becorne deserted, and their populations fall back on the "mother village11 of 

0urousoul6 for the remainder of the year. 

2.3. RANGE KESOUKCES 

The range manager's major objective was to study the dynamics of vegetation 

communities, in-terms ef- eseleg). anbexpleitatIon. Shz-had to eofteefttizate OR-he~keeeus- --- 

species, which is unfortunate, since lignous species provide part of the cattle's diet. 

Range resources assessment was done over two consecutive rainy seasons. 

The project area pastures are mostly annual herbaceous communities of moderate 

total biomass, with a good floral mixture of palatable species, especially a wide range of 

legumes. They generally have a good tree/shrub density, also of high palatability. This 



annual biomass. The lack of control over such factors  means tha t  management s t ra teg ies  

will have t o  remain flexible and acutely aware  of small  changes in the  productivity of t h e  

land. 

2.3.1. Community Productivity Studies 

To  obtain an idea of Net Primary Productivity (NPP) of cer ta in  communities, clipping 

studies were carried out in the  1983 rainy season to simulate t he  e f fec t s  of continuous 

grazing a t  different intensities. Some studies done in 1984 a t iempted  to re f lec t  

discontinuous or  rest-rotation grazing. The studies were done on the  three major range 

types of the Gambia Uasin (ironstone, floodplains, and streambeds), on the foothill ranges 

of the Senegal basin, and on a stand of Andropoaon gayanus, found in occasional patches 

on ei ther  side of the escarpment. Cer ta in  findings ind implications a r e  integrated into 

the  proposed Range Management Plan. 

biomass is lost t o  grazing by livestock and wildlife, wind, and insect darnage 

(especially termites), but although te rmi tes  can  be major compet i tors  for forage, they 

play very important and positive ecological roles. In addition to  herbaceous species, 

c a t t l e  consume l i t ter  and woody litter; they also browse on cer ta in  leaves and fruit. 

Hush fires const i tute  another key fac tor  affect ing amount of' standing biomass and 

range productivity. A very high percentage of the rangelands a r e  burned every year. 

Manual interpretation of remote  sensing imagery and ground surveys by both Dickie and 

Niarnir suggest tha t  about half of t he  range in the  Mbaniou and Sinthiou Fissa Zones of t he  

project a r e a  is burned yearly. Some fires a r e  early (October) and not very destructive,  

but most a r e  s e t  from November through January, and destroy much of the  biomass. 

La t e  f i r e s  occurring from February through d a y  a r e  not as serious because by then, most 

of  t he  biomass is gone. The  e f f e c t  of f i res  on vegetation is somewhat determined by soil 

types, but the  conclusion is  tha t  although a pat tern of f i res  occurring every 3-5 years  

would probably be  beneficial, the  cur ren t  pat tern of burning is not, and i t  leads t o  an  

increase in less desirable bushes and to  a decrease in leguminous species. 
_ . -- - - - . - 

2.3.2. Succession and Retrogression Studies 

Nearly ten  percent o f  the  project a r ea  is already denuded, and another  ten percent  is 

es t imated to  be degraded or  in t h e  process of denudation. Much of t h e  research 

emphasized understanding the causes, processes and impacts of rangeland degradation. 

There a r e  four major reasons fo r  t h e  reduction in soil cover  in t h e  project zone: 

drought, reduction in t r e e  cover, f ea tu re s  of the cultivation system, and 

grazing/ trampling by livestock. 



the  productivity of t h e  plant community so t ha t  the  safety margin between normal and 

excessive exploitation is reduced. Although drought was not the exclusive cagsal agent,  i t  

compounded t h e  e f f ec t s  of other  factors. 

Live t rees  a r e  c u t  for construction of fences, houses and barns. The tre~': cover not 

only protects  t he  soil from high winds and raindrop impact, it also provides siiade for  t he  

herbaceous layer, without which most species cannot  withstand the I.  t o  3-week dry spells 

frequent in the  rainy season. 

By far the most important factor in soil degradation of floodplains is grazing and 

trampling by livestock. Because of the nature  of t he  soils and ~f grazing patterns,  grazing 

and trampling a r e  much more destructive in the rainy season than in the dry season. The 

retrogression of vegetation communities thus varies both according to season and type o f  

livestock. During the dry season, sheep and goats  tend to  be more destructive since they 

browse on surviving bushes and trees located in floodplains, 3 t o  5 krn away from villages. 

Paradoxically, i t  is in the rainy season tha t  the destructive influence of large ruminants is 

rnost important. A t  tha t  time, floodplain and riparian range types support a variety of  

palatable grasses and legumes, and c a t t l e  congregate  in these areas. Thc fragile slopes of 

floodplains a r e  thus heavily trampled, which gradually results in a compaction of the 

subsoil. It is only a t  the  end of the rainy season, when grasses en te r  their flowering stage, 

tha t  ca t t l e  move to  the  ironstone plateau a reas  but by then, the damage has been done. 

Three salient points emerge from the studies on retrogression in herbaceous and 

woody species. on the  one  hand, there  is a decrease in total  herbaceous biomass 

associated with increasing grazing pressure. Secondly, there  is a general trend first  

toward bushes and hardy dicots, and then toward plants with deeper  roots that  can  

withstand the relat ive decrease in soil moisture. Thirdly, the exac t  sequence of plants 

depends very much on the  soil type. 

Aerial photo interpretation of  the project zone shows that  in 1983 a to ta l  of 22,674 

hectares  o f  land were already denuded, of  which 14 percent were in the Gambia Oasin, and 

the  remainder in the Senegal Uasin, especially close t o  the Senegal River. A comparison 

of aer ia l  photos f rom I953 and I983 (available only for the  Cambia Uasin) shows tha t  t h e  

yearly- rate d- inseassin denuded--land-area iso~-the- wdec of- 5 . f i 5 h e c t ~ p e r - \ h i ~ ~ - -  

per year in the  Cambia Basin (see Map 2.1. and Table 2.1.). 
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TABLE 2.1,, 

DENUDED L A N D  AREA I N  GAMBIA UASIN, 1953-1983 

Toulekedi 

Boulel and Thiek6 

NIDiaye and Velingara 
Mbaniou, Ndiakone and 

Gonad6 

Diare hItUolo, Garalla, 
Oiare klaboub6 and 
Medina Guiraye 

Sowol 

I Total (without Sowol) 

Uif ference Average Increase 
ha per year 

SOUKCE: Survey data. 

2.3.3. Forage Nutritive Quality Analysis 

There is relatively high quality feed intake during the rainy season, followed by very 
I 

low quality feed during the dry season. ?eight and milk production of cattle are very 
1 

much affected by this cycle, whereas sheep and goats, because of their greater 

consurnption of woody species maintain r,elatively constant weights year-round. During 

the rcliny season both catt le and goats consume on the average a ration high in  Digestible 

Crude Protein Content (DCP), equal or: superior to the theoretical requirements for 

maintenance and lactation, but not suf f iciknt for 100 gm/day gains in live-weight. 

During tho dry season cattle switch to fruit from certain trees, leaves of 

nondeciduous trees, and young shoots of other trees. At the beginning of the dry season, 
I 

DCP decreases but remains above requi rhents  for lactation. From January through the 
1 

- --- end of the dry~ season, cattle consume l&ss and less OCP, maintainingba_re maintenance 
I 

requirements, and losing weight gained during the rainy season. Cows continuing to 

lactate into the dry season are thus probably doing so through increased weight loss. 
I 

Coats, on the other hand, consume enough to maintain both weight and lactation 

requirements throughout the dry season./ 1 



1 2.3.4. Range Stocking Capacity and Potential 

'Theoretical calculations of the actual stocking capacities in  the project area were 

made by comparing estimated forage needs of livestock and amount of forage available as 

measured through biomass studies. 'This method is not wholly satisfactory because it only 

provides figures on the dry season capacity. It also assumes that livestock have access to 

all parts of the range, regardless of water resources, and accounts neither for detailed 

variations in rangeland productivity nor the contribution of trees and shrubs to the diet of 

animals. Calculated stocking capacities can therefore be used only as a general guideline 

to the overall range productivity. 

With the present uneven water distribution, losses of up to 50 percent in yearly 

biornass due to bush fires, and 10 percent of deuuded land surfaces, the current stocking 

rate is very close to our estimate of stocking capacity for the dry season of a bad year. In 

good years, the stocking capacity would certainly be higher, but over the past decade 

there have been more bad than good years, so that the stocking rate shauld not be allowed 

to increase beyond its current level. Accordingly, until key resource constraints are 

relaxed, the stocking rate should be kept under 10,000 Ub'l'ldry season in the Garnbia 

Uasin, arid 11,000 UUTIdry season in the Senegal basin (this applies to all livestock, not 

merely cattle). 

2.4.1. Ethnic Composition 

'The majority of the population in the project area considers itself Hal Pulaar of 

Fulani and Toucouleur descent. In a few other villages there is a very srnall percentage of 

non-Fulani or non-Toucouleur people of undeter~nined caste. These small groups can be 

found primarily in border villages of the Ololdou and Sinthiou Fissa Zones. The study 

sample was drawn to reflect the srnall rural character of the project area. The villages 

chosen are primarily monoethnic, and reflect the dominance of the Toucouleur. 

2.4.2. - Sacial Structure 

Social organization follows the hierarchical stratified caste sys tem of the 

. -- Teuseukur, whslre t k  Tw& pciesfl-y caste holds the supciotr- position, The Xoclodo ace 

followed by the Sebbe, who prior to lslarnization had been the ruling group. Within the 

caste there are several levels of rulers, soldiers, courtiers, and counselors, all of whom 

are considered freemen. After the freemen caste come the Maboube or craftsmen, and 



the genealogical musicians. Finally, the slave caste consists of all strata of other ethnic 

groups subjugated by the followers of El Hadj Malick Sy, or sold by their captors to 

families living in the Boundou. 

Villages reflects the social organization of 'Toucouleur society. Slave and ar tisanal 

castes are under the leadership of the leading Torodo farnily. However, the rnost obvious 

econornic manifestations of the caste systern appear to have receded. Social structural 

obligations still play an important role, but artisanal and slave castes are not under strict 

economic obligations to upper castes. 

2.4.3. Social Structural Importance of Livestock 

The importance of livestock is evident from the role cattle play in centralizing the 

authority of the head of household. Cattle are the seat of status and prestige, and an 

integral part of rites of passage. The head of household tias authority over the farnily 

herd, which generally includes anirnals belonging to various family rnembers. A typical 

herd consists of animals that belong to the head of household, his wives, and sons. There 

may also be animals belonging to his brothers, their wives, and children. Other relatives 

or friends can also consign animals to his care. 

Cattle play a major role in marriage, are sacrificed to rnark events such as the 

groundbreaking for a new house, or [nay be offered to a griot who has corne to praise and 

af firm the family's noble and historic genealogy. 

A t  t h e  death of a herd owner all his personal anirnals are pooled. They ore then 

divided into nine equal parts. One part is divided among the wives of the deceased. The 

re~naining eight parts are divided among the children. Oaughters receive half of the sons' 

shclres. When a woman has died, the procedure is similar except that her herd is divided 

into seven equal parts. The seventh is given to the husband, and the six remaining parts 

are divided among the children, daughters receiving half as much as sons. 

2.4.4. Basic Demographic and Economic 1 ndica tors 

Figure 2.1. shows the age and sex distribution of the surveyed population, numbering 

1,239. The rnost notable feature is the gap created by long-distance migration in the 

30-35 and 35-40 age groups for ~nales; this has important implications for family labor 

- - &l;?ble h ~ t h  far f a r m h g a n d  Lesmzk herding in the ar_& T a u  2 2 ,  throu& Xi.. 
summarize key statistics for each of the three zones. The average household size does 

not vary significantly from just under 8 rnembers across zones. The number of household 

rnernbers currently away for wage employment does vary across zones, with means of 0.65 

migrants per household in the Mbaniou Zone, 1.81 in the Sinthiou Fissa Zone, and of 1.12 



in the Ololdou Zone. The number of former migrants in each  zone suggests that  

out-migration is a more recent  and extensive phenomenon in t he  Ololdou Zone, possibly 

because o: more lirni ted local opportunities. 

Males clearly consider farrning as their primary activity,  herding being the most 

cornrnon secondary act ivi ty  cited. Women consider homernaking and farrning a s  their 

primary and secondary activities, the  next most important act ivi ty  being small trade. The 

relatively limited extent  of occupations other  than farming and herding (especially trades 

and craf ts)  is due to the particularly underdeveloped and isolated charac te r  of t l ~ e  project 

TABLE 2.2. 

HOUSEHOLD S U M M A R Y  STATISTICS, ALL ZONES 

Variable 

Number of Household ,Members 

Number of Current  Migrants 

Number of Former Migrants 

,4rea Cultivated (ha) 

Harvest Index 

Agricultural Sales lndex 

Food Purchases Index 

liousehold C a t t l e  

Household Small Kurninants 

Mean Stand. Uev. % Conf. lnterval 



TABLE 2.3. 

HOUSEHOLD SUMMARY STATISTICS, MUANIOU ZONE 

Variable 

Number of Household Members 

Number of Current Migrants 

Number of Former Migrants 

Area Cultivated (ha) 

Harvest lndex 

Agricultural Sales Index 

Food Purchases lndex 

Iiousehold Cattle 

Household Srnall Ruminants 

Stand. Dev. 

HOUSEHOLD SUMiaAL?. Y STA T'ISTICS, SINTHIOU FlSSA ZONE 

'Jar iable I Mean Stand. I3ev. 

Number of Household ~Mernbers 

Number of Current Migrants 

Number of Former Migrants 

Area Cultivated (ha) 

Harvest lndex 

Agricultural Sales Index 

Food Purchases lndex 

Household Cattle 

Household Small Kurninants 



TABLE 2.9. 

FIOUSEl-IOLD SUMMARY STATISTICS, Ol,OLD01.1 ZONE 

Variable 

Nurnber of Household Members 

Number of Current Migrants 

Number of Forrner Migrants 

Area Cultivated (ha) 

Harvest Index 

Agricultural Sales lndex 

Food Purchases Index 

Ilousehold Cattle 

Household Small Kurninants 

Mean Stand. ijcv. 
7 

3.2 

% Conf. Interval 
, _ _ I  

7.1 - 9.1 

area. As explained in detail in the socioecononiic report, this situation is changing 

rapidly; money sent back by migrants is often being used to open village shops, for 

instance. Another area where significant change is taking place is that of education. The 

functional literacy program established through the project has probably been its most 

successful extension service, although there remain pronounced difference in school 

a t  tendance between the sexes. 

2.4.5. Apriculture 

The economic system of the project area i s  firrnly based on the symbiotic relationship 

between agriculture and livestock. The Toucouleur of the Boundou were agropastoralists 

before moving into the area and have continued their traditional pattern of livelihood. 

Village histories collected during the research reflect also suggest that in  many cases, the 

original settlements were temporary, inhabitated only during the agricultural season. 
T r ~ " ~ ~ n f z l * ~  -L-- I I P  O\I 

proved to be good for agriculture. In a i l  interviews concerning the choice of sites for 

villages we were told that the presence of good pasture i n  the area played an important 

role in  the decision. 
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2.4.5.2. k c l z l  structure and labor allocation 

Recurrent subsistence crises may well be a recent historical phenornenon, but the 

reliance on grain crops in the Sahel is not. Social organization reflects the need of the 

head of household to mobilize and depend on manpower from its members. According to 

the traditional pattern still in force in the project area, the senior brother wields 

authority over all his juniors and their progeny. Ideally, this would represent four 

generations of brothers, but most of ten two to three generations are under the leadership 

of the eldest brother. In  sorne households, particularly those of village chiefs, there may 

be three generations under the leadership of the senior brother. This system theoretically 

per~nits the head of housellolds to ~nobilize a rnaxirnurn labor force for agriculture and 

other essential tasks. Women make important contributions to the family stock of 

cereals, although they have traditionally been responsible for the cultivation of lowland 

rice, peanuts, and garden crops, primarily - ni6bd and okra. 

2.4.5.3. Akricul turd1 production 

In  all project zones people see themselves as seden tarized agropastoralists, but the 

actual extent of farming is Limited, especially in view of labor constraints. For example, 

the average area cultivated by households in the hlbaniou, Sinthiou Fissa and c)loldou 

Zones was of 1.45, 1.18 and 0.95 hectares, respectively. One should note that the figure 

given as the mean area cultivated per household does not hide much of a skewing effect in  

either direction; the distribution of land worked by individual families in the three zones 

is rather even. Still, these figures are quite low, even by co~nparison with other 

traditional farming societies of Senegal. The overall low level of cultivation reflects the 

fact that existing conditions make returns to agriculture precarious, and provide a lower 

return on investment than the chief alternatives, livestock raising and long-distance 

~nigration. 

Differences between zones reflect differences in resource endowment and population 

pressure; Sinthiou Fissa and Ololdou in general have a lower agricultural potential than 

the ivlbaniou Zone, and tend to rely slightly more on migration. 

The order of importance for crops cultivated remains constant across zones; sorghum 

receives most of the acreage, 6 percent and 55 percent respectively in the Mbaniou and 

a--gkxa ;baxt, z d .  te- 80- p r ~ t  ic, the 8Ld&u z=+ where uecy li.tde r-W -k -- - 

grown. ivlillet comes second in the Mbaniou and Sinthiou Fissa Zone (32 percent and 5 

percent of acreage), followed by maize. Very little land is devoted to peanuts, except in 

the Sinthiou Fissa Zone. There is very little lowland rice cultivation in the project area 



because of the lack of appropriate depressions and diminishing rainfall. However, where 

land and water permit (in the Ololdou zone), the tradition is maintained. 

Farrning does not follow cornplex rotation patterns, and the rnajority of fields are 

single cropped, although some interesting potential for cereal/cowpea association has 

been noted by the Range Management Researcher. The most common patterns of crop 

rotation show successiorl of cereal on cereal, peanuts being followed by either peanuts or 

a cereal, and rice necessarily cultivated in the same limited locations year af ter  year. 

As one might expect, agricultural labor allocation closely reflects the emphasis given 

to the various crops: sorghum, millet and ~naize, in decreasing order of importance. I-lired 

labor is used on various fields, but not to a great extent. Millet, sorghum and maize 

receive about equal -- and relatively low -- shares of hired labor as a proportion of total 

labor i np~ t .  The relatively low value of returns to labor in agriculture does not incite 

people to hire manpower to replace young adults away on migration. In fact, a good part 

of the hired labor allocated to fields in the rainy season actually consists of people hired 

to watch af ter  herds a t  a different period of the year. 

For the project area as a whole, yield figures ranged frorn 600 to 800 kg of sorghum 

per hectare, while for ~naize yields ranged frorn 530 to 1,280 kg per hectare. ~Llillet 

yields, however, were only about 600 Kilograms per hectare. We found that obtaining 

yield data was a sensitive and difficult matter. In a couple of instances it would have 

been possible to weigh the total crop as  it was being placed in the granary, but our request 

was denied. 

In the project area, approximately 100 kilometers wide by 100 kilometers long, there 

are marked differences in agricultural calendars between the three zones. For instance, 

there is approximately a two-week interval between the sorghum harvest in the three 

zones. During the I983 season the harvest first took place in the hlbaniou Zone, followed 

by the Ololdou and Sinthiou Fissa Zones. 

2.4.5.4. Economic interdependence of agriculture and livestock 

The essential feature agropastoralism is that agriculture and livestock play irnportan t 

complementary roles both in the subsistance and cash economies. In terms of agriculture, 

herds are rotated over fields to benefit from their manure. A s  soon as  the crops have 

been harvested and sorghurn stalks needed for fencing and shading set aside, the herds are  - - - - - - - - -- - - - - - -  - - - --- -- - - -- - - - - 
allowed to feed on the stalks that remains, initiating the manuring process for the next 

year. 

Periods of high labor dernand for livestock occur primarily a t  tirnes of low dernand 

for agricultural labor. This is true with the exception of the last weeks of the dry season 



when field preparation and the drawing of water for the herds must be done 

simultaneously. Some labor is also needed to herd animals at bush camp while crops are 

maturing. 

Livestock accumulation plays an important dual role. Livestock on the hoof i s  f irst a 

saving that can be sold i n  times of need. Accumulation of livestock is also a form of risk 

aversion and investment. A large number of cattle can minirnize the losses that may 

occur from disease, drought or attacks on the herd by predators. 

The important role played by agriculture as a means of cattle accumulation is being 

changed by worsening climatic conditions, and the difficulty of accumulating a grain 

surplus. Migration appears to have taken over the role played by grain accumulation in 

the past. Labor migration brings in cash that can be used to f i l l  the subsistance gap in a 

bad year, or to invest in cattle. 

2.4.6. Livestock 

4.6.  I. Typology and extent of herds and flocks 

Catt le in  the project area represent a cross between Uos indicus and 30s taurus-type 

animals; they are shorter than the pure Sahelian Zebu, but taller than N Darna-type catt le 

found fur thcr south. The local breed i s  known as Diacori. Small ruminants are of the 

lower Sahelian Djallonke-type, sorne tal l  Djallonke-like goats called Ndogoota. 

'Table 2.5. shows the average size of  cattle and small ruminants holaing 

per household, for each project zone in 1984. 

TABLE 2.6. 

LIVESTOCK OWNEKSI-IIP UY ZONE, 1984 
(Average No. of I lead/Household) 

I----. Cattle SheepKoats 
' 

Mbaniou 5 8 23.2 

Sinthiou Fissa 47.2 16.1 

Ololdou 42.1 5 1.6 
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abundant and lower quality forage resources than i n  the other zones. I n  terms of 

distribution, there is naturally sorne unevenness i n  livestock ownership between families, 

especially in  the Mbaniou Zone, but not to an extreme degree. The most striking example 



of unevenness in cattle distribution does not in fact appear i,n these numbers. Cattle 

ownership in the village of 13iare M1t3010, in the Mbaniou Zone is much higher than other 

cornm uni ties, because of its social status and good marketing connections. However, this 

cannot be precisely documented because the total size of Ware tv11t3010 herds could only 

be estirnated, rather than surveyed, as was the case for t h e  other villages. 

The livestoe'# census carried out for surveyed households, nevertheless, allows us to 

answer a critical question: "has the size of herds in the project area increased 

significantly over the last few years?" Table 2.6. suggests that it did not, a t  least in the 

Mbaniou Zone, which received most of the livestock-orien ted project interventions. 

TABLE 2.7. 

COM13AdLSON OF HEKD/FLOCK SIZE PER t-IOUSCHOLD, 
1976- 1384 

I9 84 

Cattle 

23.2 

The overall size of herds and flocks has not significantly changed during the interval. 

One  night suggest that although herd size has not changed, gains in  fertility, survival and 

marketing of animals have taken place, and that increased benefits are being derived from 

the same equilibrium number of animals. Precise baseline data for srnall ruminants are 

not available, but in the case oi  cattie, a comparison of her$ siruciure aijcjui eigiii years 

ago and today shows that agelsex distribution in standing cattle herds are closely matched. 

T h e  percentage of females in the herd (66 percent overall) suggests relatively heavy 

destocking of surviving males; the proportion of cows in total herds (46.8 percent) is very 

similar to that found in traditional cattle herds of the Senegalese Ferlo. It is actually 

difficult to reconcile the high proportion of females in herds and low observed rates of 

offtake until one realizes the importance of combined mortality of young and replacement 

purchases of heifers. 

Data from the inid-1970s provided estimates of calf mortality in the 0-1 age group 
- - - - - - - - - -- - - - . - - - -- - -- - - -- - - - - 

ranging anywhere from 5 to 40 percent per annum (the -latter number being hardly 

consistent with historical sustenance of herds). Fertility and fecundity rates for cows 

were quoted as being from 52 to 57 percent annually. More systematic research by 



project staff and our' own teams suggest tha t  calf rnortality in the 0-1 a g e  group is more 

on the  order of 20 percent annually. The survey on life histories of cows, on the other  

hand, showed that  the number of calvirtgs per reformed cow ranges from 3 to 9, with a 

mean of 5 and a standard deviation of 1.3. This suggests a fecundity r a t e  of over 60 

percent per mnum,  and an  average number of  calvings equal or superior t o  what is found 

in traditional herds of the  Senegalese Ferlo. 

A s  we see further in the section on marketing, the of f take  rate ,  expressed in animals 

sold a s  a percentage of the  total  herd is  relatively low, estirnated to  be  6 to  8 percent 

(mostly males around a g e  five). The da t a  show that  the reason for decreases  in numbers 

of rnales could be at t r ibuted t o  sales  (60 percent), and mortality (33 percent); fo r  females,  

wllere sales a r e  much lower in absolute numbers, sales sccourlted for 34 percent of  

decreases in numbers, and rnortality, for 61.5 percent. Finally, for steers,  which have 

reached ages where mortali ty is relatively low, sales accounted for 75 percent of 

decreases in the  a g e  group. 

I3oth the survey of life histories for cows and the ongoing tracking of herd inventories 

indicated tha t  purchases of c a t t l e  (essentially females) play an important role in 

maintaining herd s izes  to  the level people want t o  sustain. For males, purchases 

contribtrbed 3.5 percent  of additions, t he  res t  being imputable t o  births within the herd. 

For felnales, on the o ther  hand, over 10 percent  of animals added to  the herds were 

purchased, a t  ages  ranging from three to four years. 

The overall picture emerging from our da t a  on herd composition and rnanngernent 

practices suggests relatively high ferti l i ty and fecundity ra tes  for c a t t l e  (;he average 

number of miscarriages per reformed cow was 0.24). However, mortali ty in younger ages  

rernains very high, which leads on t h e  one hand, to  a low ac tua l  off t ake  r a t e  and on the  

other, to  a need to  maintain overall herd productivity by purchases of females  in early 

reproductive ages. The  net  e f f ec t  is  t he  maintenance of c a t t l e  holdings near  the cur rec t  

levels over time, and the maximization of benefits from c a t t l e  -- given high mortality 

ra tes  -- by purchases of reproductive stock. 

Everything leads us t o  believe tha t  the  fur ther  necessary decreases  in mortali ty of 

young anirnals would translate into a reduction of outlays for t he  purchase of reproductive 

stock rather  than sharp increases in herd numbers. Not only a r e  heifer purchases a heavy 

drain on a r e a  households, t he  number of c a t t l e  families c a n  currently car ry  is  constrained 
-.- - - . -- - --- -- - - - - -- -- - 

by water resources and availability of manpower for the  most labor-intensive tasks 

(especially watering anirnals in t he  dry season). I t  is also important t o  note  tha t  t h e  

pa t te rn  of heifer purchases is probably of long standing. Reducing calf rnortality should 

therefore  be  considered as a n  objective having sizeable immediate  impact  on family 



budgets, in addition 

addition to  bringing 

relatively large sums 

Small ruminants 

t o  longer-term benefits. Herders a r e  very much aware  of this,; in 

their  animals in for f r ee  vaccination programs, they have spent 

buying c a t t l e  medicines sold a t  cos t  by the  project. 

make a n  important contribution to t he  local economy (15 percent  of  

f a r ~ n  income), but ac tua l  and potential  benefits a r e  even further apa r t  for them than in 

the  case of catt le.  Proportionally, for example, mortali ty is twice tha t  of large 

ruminants. Animal health e x  tension has traditionally concentrated on ca t t l e ,  by and large 

ignoring sheep and goats, and this project is no exception. 

2.4.6.2. Livestock rnarketinq 
I 

Livestock marketing in the project a r e a  involves two parallel markets: (a) the 

traditional system by which people sell animals to  travelling collectors (Uiouh),  -.-- or take 

animals themselves to a small regional market; and (b) marketing act ivi t ies  organized by 

the  project. Several surveys, based on price comparisons between animals purchased by 

I3ioula in the  a r e a  and levels of transactions on nearby regional marke ts  ( thke l ,  - 
'f arnbacounda) suggest tha t  t he  tradi tional marketing system is toleraoly cornpeti tive and 

efficient. In fact,  in the case of cat t le ,  the  project marketing program has not uecn able 

t o  o f f e r  prices substantially higher than those prevailing in the  traditional system. 

;I description of t he  project 's  livestock marketing prograln is included la ter  in the  

section on project interventions, in t he  Synthesis report. 

In this context,  income is  defined as cash inflows from grain and c a t t l e  sales 

(agricultural inco~ne),  f rom local nonagricultural activities, and remit  rances irom 

migrants. In addition, t he  levels of food purchases and of ac tua l  food consumption over 

t ime  for  each  surveyed family are used as indicators of food self-sufficiency and food 

intake. 

2 . 4 .  1. Agricultural income 

There has traditionally been a strong grain market  in the  area,  especially for 

sorghum, but in recent  years, t he  overali a r e a  has not been self-sufficient in cereals. 

Prior t o  the  1983 harvest, 27 met r ic  tons of sorghum were  brought in by project staff and 

s u i d - ~ ~ a r i j 4 t 3 ~ ~ i - W ~ a ~ r k p u r c i m s e  p r ~ i t 3 a w - B j i b y - i 3 ~ - - - - -  

1983). There were only cash  transactions, and each  head of household was limited t o  200 

kg of grain. The total  cash outlay in t he  Mbsniou Zone for t he  27 tons of sorghum was 

deficit. 

2,160,000 CFA. This points ou t  two very important  facts. First, t he re  was no grain 

surplus in 1983, and  second, t he re  was cash available t o  compensate  for t h e  subsistence I 



Data on agr cultural sales collected from each of the 120 surveyed louseholds for 
over a year confirm this. Table 2.7. clearly shows the relatively insignificant importance 

of millet, sorghum and peanut sales in total agricultural marketing for all zones (just over 

TABLE 2.8. 

M A I N  ACilZICULTUlZAL SALES, ALL ZONES 

Cattle 

Coats 

Sheep 

hlillet 

Horses 

Peanuts 

Chickens 

Dcnkeys 

Sorghum 

I Total 

Gross Income 
- 
X Unit Price 

49,000 

7,760 

13,280 

65,000 

61 kg 

three percent of total value). The bulk of agricultural income undoubtedly cornes frorn 

livestock sales, and this money is primarily spent on grain purchases for nillet, sorghum 

and maize from outside the region. 
A - .a,- . - m a n 1 4  --A C V - . ~  ' -hl 

rn- Lwu.u abb rl will ruule 2.7., !ive;t~ck makzs iip Gver 95% of agricultural sales. 

The second noteworthy point is that these sales nonetheless represent a very low level of 

offtake, considering that herds are  not in a cycle of fast expansion. The estimated 

offtake rate for cattle is on the order of 6 to 8%, compared to a biological potential 

equilibrium offtake rate of over 10% in similar traditional systems. The observed 

structure of local herds, however, indicates maximum destocking, and even replacement 

of lost females through purchases; the conclusion is that calf mortality levels have 

remained high, and constitute the major obstacle to increased sales, rather than herd 

owners' attitudes or other factors. The same applies even more in the case of small 

ruminants, and for the same reasons. 

2.4.7.2. Nonagricultural income 

2.4.7.2.1. Small shops. The project area lacks either permanent or rotating produce 

and dry goods markets. 'The only permanent markets are in the major towns and 



administrative cen te rs  of Uakel, Kidira and Goudiry. There is, however significant 

small-scale econornic activity in villages. Even the  smallest viliage in the  a r ea  has what 

could loosely be  called a shop. These a r e  simpler versions of the small neighborhood 

s tores  found in most small  towns of Senegal. Stock and supply a r e  limited and sporadic as 

the shopkeeper rarely has a chance t o  make trips t o  Uakel, Kidira or  Goudiry. 

2.4.7.2.2. Crafts.  Most villages have craftsmen: smiths, who make and sell axes  and 

traditional farm tools; and woodcarvers who make bowls for  nilk king, stools, mortars  and 

pestles, i tems essential  t o  every household. Sorne villages have rnatrnakers and weavers, 

but these specialized skills a r e  ra re  in the project area. The i tems  produced a r e  e i ther  

sold locally or  sold t o  re ta i lers  in nearby towns, 

Some village also have* other  skilled c ra f t smen like traditional adobe house builders, 

who put up the  kind of  small houses commonly found in villages. Larger adobe or cernent 

block s t ruc tures  a r e  built by masons brought into the  a r e a  on contract .  They bring 

assistants and apprentices,  while the  owner provides materials like sand, cement ,  beams, 

roofing material ,  water,  and adobe or  cement  blocks. 

Several villages have specialized craf tsrnen in serni-perrnanen t residence. I n  such 

cases  they reside in the compound of the  village chief, where they prac t ice  their craf t .  

Having a silversmith or a tailor in residence, a s  do  two villages, imparts  a cer ta in  prestige 

2,4.7.2.3. Uread ovens and other  econornic activities. There seelns to be in the 

Uoundou a cer ta in  t a s t e  for bread rnade of wheat flour baked in adobe ovens. Villages who 

have and maintain a functioning oven a r e  proud of it, and people come  f rom neighboring 

villages t o  buy bread. In several villages hunters sell rneat to neighbors. On an  irregular 

basis large or  small  ruminants a r e  also butchered a t  the village, especially around feast  

days, when al l  t he  mea t  is likely t o  be  sold. 

Villages in t he  project zone a r e  constantly visited by i t inerant  traders, healers and 

genealogical musicians. Cloth salesmen a r e  seen on a regular basis, especially a f t e r  the 

harvest, and before  f ea s t  days. Travelling hardware salesmen offer  used par ts  to  repair 

horse c a r t s  and agricultural equipment. Some healers sell  traditional medicines and herbs, 

or pract ice  male  circurncision and fernale excision. 

The largest scale  of econornic act ivi ty  for women in the  project a r ea  is  their 
-- 

- operation of smal I  village shops, -but they a r e  also involved in other,  more tradrtional 

activities. Women a r e  responsible f o r  and own small ruminants, although as in t he  case of 

ca t t l e ,  sales a r e  generally negotiated through t h e  head of household o r  sotne other  rnalc 

member of t h e  compound. 



!several villages in  the area have women who belong to the patter caste. They make 

lnrge and small water jars, open water pots, and couscous steamers. Their products are 

sold locally or i n  the major towns of the area. Wornen also sell what they have gathered 
Lj 

or processed. Examples include the sale of fritters, tamarin fruit or of crushed dry 

baobab leaves. 

2.4.7.3. Food purchases 4 

The total amount spent on food purchases was highest in the Ololdou Zone; food 

purchases per household were equivalent, on the average, to 104,472 CFA Francs 

annually. In  the Sinthiou Fissa zone, the total amount spent on food purchases was 

equivalent to about 4,455 CFA Francs; finally, the lowest food purchases of the Mbaniou 

Zone arnourlted to an average 7,438 CFA Francs per household per year. In spite of 

marked differences in  the level of spending, i ts  distribution over the range of items across 

zones is very si~nilar. Five or six basic food iterns account everywhere for over 110 

percent of purchases, i n  decreasing order of importance: millet, rice, peanuts, sugar, o i l  

and dry fish. Not surprisingly, these are primary ingredients in the preparation of most 

common dishes consurned in  the area. 

The remainder of the purchased iterns is also typical of t!ie kinds of foods consumed 

in  the Uoundou; the very lilnired amounts spent on animal protein derived frocn red and 

white meat are mostly offset by consumption of peanuts and dry fish i n  sauces, and by 

occasional slaughter of small stock raised by the family. One should note also the absence 

of reported transactions in  sorghum and maize. The deficit in home cereal production is 
made up mostly by mil let and rice purchases, rather than through the acquisition of 

additional sorghum or ~naize. 

2.4.7.4. Food consumption 

A dietary survey of a l l  surveyed households was conducted for over a year; the basic 

rationale Hias that nutritional intake (even simply defined in  terrns of calories and protein) 

is a valid and reliable indicator of well-being in rural communities. Each surveyed 

household was followed for three consecutive days, three times a year. Prepared food was 

weighed and recorded before cooking, and the number of men, wornen and children 

partaking of each meal was noted. Women enumerators were also in charge of collecting 
' #romtn- iniot~~iooci -pntc imse  itomSKltrJtitord- s -  --- - - 7 

C iven the ageisex structure of the surveyed population, we estimate the weighted 

average caloric requirement per "fully active" person to be about 2,300 Kcal per day 

(Latham, 19??). Observed levels of food consumption lead to lower estimates of 



nutritional intake. For the surveyed population as a whole, Table 2.8. shows rnecln caloric 

intake to be 1,965 Kcal per person per day. Unadjusted protein intake is higher than the 

conventional norm of 30 to 35 required grams per person per day, but because of caloric ' 

deficiencies, part of it is certainly converted to enei-gy, so that the actual proteic intake 

is much lower. One should also note that the range of nutritional intake among surveyed 

farnilies is rather wide. The better-off 25% of households consumed a t  least 2,400 

l<cal/person/day, while the least well-nourished 2 5 X of households consumed less than 

1,43 1 Kcal per person per day. Although the dietary survey did not include between meal 

food consumption (which can be quite significant, especially for wornen and children), the 

data suggest severe nutritional deficiencies in a relatively important proportion of 

farnilies. 

TA13LE 2.9. 

FOOD CONSUMPTION SUMMARY STATISrICS; A L L  ZONES 

M eai> Stand. I3ev. .Vl i  2onf. Interval 
=--. 

Kcal/per/day 1,965 743.6 1,819 - 2,1 1 1  

Since dietary intake was followed for over a year, it is possible to exarnine its 

evolution over the various seasons. Caloric intake is clearly lower a t  the end of the dry 

season, when food stores are exhausted, and a t  the time of rnost dernanding agricultural 

labor. There is no doubt that dgricultural productivity must suffer from this. 

A comparison of mean nutritional i~rtake across zones reveals significant differences. 

Lowest caloric and proteic intakes are  observed in the Ololdou Zone, which has poorer 

range and agricultural resources than the other two (along with high rates of migration). 

The Mbaniou Zone comes second, with average caloric intake of just under 2,000 

Kcal/person/day, close to satisfying requirements. The Sinthiou Fissa Zone has slightly 

higher levels of caloric and protein intakes. 

Putting together what w e  know of these three zones leads to these conclusions: 

--.A- Gi-WS+W&biWC -jk-$hS -MbRi6U- Zm2 ~LFZ-€B~%&SF&*~ - ' & € k l - i & € & d - ~  -YSF)L- bW -- - 

food production on the farm, and lower out-migration, but highest reliance on livestock 

sales for agricultural income. The Sinthiou Fissa Zone has probably had the highest level 

of agricultural ouput (it was the only zone selling significant amounts of millet during the * 
year), its lowest livestock sales are  offset  by the combination of more favorable 



agricultural conditions -- at least in 1983-84 -- and the highest extent of rnigration. 

Finally, the Ololdou Zone had average livestock sales, but probably the greatest deficit in  

food production, which was not quite made up by remittances consistent with its second 

rank ,in out-migration. 

2.4.8. hliaration and Kerni ttances 

2.4.8.1. Historical foundation and back~round 

The contemporary genesis of the Uoundou's labor rnigration in general and to France 

in particular, lies in the rnigration pattern of the Soninke of the Goy. Their defeat by the 

French forced them to gain new sources of income; they worked as stokers on river 

stearners, eventually moving to ships plying the coast of Africa from St. Louis. During 

the first World War Soninke stokers and ship hands were hired on ~nerchant ships going to 

French ports where the first communities of labor migrants were established (Adams, 

1977:48-65). 

The great surge of migration took place in the post World War 11 economic boom in 

Europe, starting in  the late 1950s. Small groups of Soninke established in French cities 

became the essential links in the pat tern of migration that evolved throughout the 60s and 

70s. In this way, new migrants received help from kinsmen and friends who had preceded 

them in finding lodging and jobs. This opened the way to the process called chain 

migration (Uuberson, 197 5; Kane and Lericollais, 1975). 

by the early 1960s residents of the Uoundou started their own network of chain 

rnigration. 

2.4.8.2. ibli~~ration from the project area 

Long-distance labor migration is a major social and economic feature of the project 

area. The overall mean number of migrants per household in the project area is 1.5; mean 

Length of stay away from home for migrants who have returned being 5.6 years. The 

range is quite wide, however; in our sample absences varied from a few weeks to several 

decades. The mean age of current migrants ranges from 27 to 30 years, according to the 

zone. The age pyramid in the project villages clearly shows that there are fewer men in 

their mid-twenties thin would be the case without a constant outflow of men duk to labor 

migration. 

Among migrants the destination of choice is France with 80% of the migrants 

presently away being there, percent in Senegal and 9% in other African cauntries (for 

example, Gabon and the Ivory Coast). 

Motives for migration, shown below, are clearly wage-employment oriented, whether 

for current or former migrants. 



TABLE 2.10. 

MC)TlVES FOR MIGRATION 

Current Migrants Foirner Migrants 

Salarisd Work 

Trading 

Schooling 

O tlier 

Migration is always temporary, done primarily to send rnoney back, arid leads to 

eventual return to the, Uoundou. The number of migrants who do not return seulns to be 

very sinall. No one in the village that had rnigrants away for extended periods of tirne 

was willing to assume that they would not return home. The transition between the two 

worlds is difficult, but reintegration into the village of origin is the rule rather than the 

exception. 

Since I974 The French government has attempted to stop labor ~nigrants frorn 

n~on-EEC countries, but they have had trouble stemming their flow. Our study found that 

a deterrnined individual with connections in France can r;ventually find a way, so that 

most people expect migration will continue to be the main source of monetary inco~ne for 

the area. 

2.4.8.3. Kerni ttances and their uses 

Kemittances sent by migrants play a major role in the local econolny. For exarnple, 

during an eight-month period from December 1983 to August 1984, six villages in two of 

the project zones received a little over 9 million CFA Francs (about $22,500) in postal 

mon~ey orders. One village received)over 4 million CFA Francs wile another received on!y 

25,000 CFA Francs. The mode of remittances for the six villages was 1,700,000 CFA 

Francs. This is much superior to the value of sales of all agricultural products frorn these 

villages for the same period. 

It is difficult to determine with certainty whether all the funds sent to a village are  



sums of money through fricnds who are re1:urning orr vacation or bring back casll 

themselves wherr they corne on leave. 

The uses of remittances fall into severd categories. The most cornlnon i s  for 

household maintenance and to rnake up f o ~  any subsivtance deficit. However, the 

migrant's primary personal objective is to use rernittarlcas to increase the size of his herd 

and acquire additional wivef4. This is followed by home cnnstructlon, personal and farnily 

prestige, and corninunity-orien ted projcc ts. Remittances also finance small shops run by 

migrants' wiveer or sisters; virtually al l  small shops i n  the villages are capitalized through 

remittances. 

Retni t tances are also used to finince irnpor tan t collective cf for ts; in several villages, 

for instance, the digging of wells was financed through the participation of ~nigrari ts. This 

kind of project may represent an investment of 600,000 to L,500,000 W A  Francs divided 

among the I 5  to 20 ~n ig ra~ \ t s  f ro~n  that village. Funds may also be used for other 

corn~nuriity projects such as buildin,g mosques, I t  should be noted, however, that in some 

villages the leading family i;~s always assurned the responsibility for well construction and 

sees i t  as their right and obligation to continue. This kind of attitude does not encourctge 

migrants who are not rnerrlbers of the leading family and caste to participate in 

corncnunity projects. 

2 . 4 8 4  Returned ~nigran ts 

Not al l  rnigrants have successful experiences. Sorne return after two or three years, 

having been unable to adjust to l i fe i,n France or to find a job. Some have been unable to 

send money home, and return with very l i t t le  to show for this sacrifice except a diff icult 

experience. 

Successful migrants, on the othelr hand, corne back to rnanage larger households and 

herds. They play important roles arrd assume positions of authority and respect within the 

co~nmunities. 



Project interventions have necessarily been focussed on specific areas, but the 

assessment of their impacts is cornplicnted by strong interactions, and the fact that sornc 

secondary benefits have turned out to be more substantial than gains frorn primarily 

intended purposes. 

'reclmical interventions reviewed here include ponds, access roads and firebreaks, fire 

towers, the construction of the Mbaniou base, and the digging or repair of village wells. 

tix tension- type interventions consisted mostly of livestock health services, functional 

literacy in Pulaar, home economics and child health monitoring by the Maison Familiale 

iiurale of iqdia, and the livestock marketing and supplemental feeding programs. 

'The water catchment ponds built or provided by the project have had a definite 

impact. They retain water until January or February and are spread throughout the area 

so that livestock use range that would otherwise have been inaccessible or underutilized. 

Ponds also push back the time when lnen must draw water for their cat tie. These benefits 

are well recognized by people in the area. 

Benefits to livestock frorn ponds can be expressed in terlns of water actually 

consumed by animals, and the length of time they were able to remain near the ponds. 

Livestock water consumption es tirna tes were made for four ponds. Use was obviously 

greater during the camp (September-October) and dry seasons than during the rainy 

season, a t  any rate, as long as water lasted. 

Unfortunately, even though all ponds filled a t  least once during the rainy season, they 

did not retain water for very long, and most of it was of no benefit to livestock. Figures 

3.1. and 3.2. show typical volume versus t h e  curves for typically llgoodl' and "bad1' ponds. 

In addition to the shortness of the span over which they retain water, one should note 

sharp decreases in volume when  ponds are reasonably full. This can only be explained by 

infiltration losses since evaporation and livestock use were m ~ c h  lower. Overall, the total 

volume of - infiltration - - - amounted - - to a t  least -- 90% of - collected -- .- - - water. - - - - 

Table 3.1. shows the respective contribution of several factors leading to water 

disappearance. 







INFILTltATION, EVAPOItArION AND LIVESTOCK CONSUMPTION, 
FOK TIiKEIi PONDS (in % of total by type) 

Pond I! Infi l trat ion Evaporation Livestock use 

10 92.6 4.8 2.6 

NOTE: (a) Pond no. 16 was said to be the best by project 
staff and people in the area. 

Eyen in  the best case, water loss due to infiltration represented two-thirds of  the 

total; the extent of water use by livestock for pond nurnbcr 10 was only 2.6 percent of . 

total. b y  contrast, the design documents had estimated combined water losses due to 

infiltration and evapora tion at 35  percent. 

Rates of sedimentation, on the other hand, were found acceptable, especially for 

ponds located on large watersheds since the ponds with highest levels of sedi~nentation 

were those receiving the least amount of water. Highly eroded sides suggest a major 

source of sediments was the embankments. A ful l  pond with a downstrearn spoils pile 

appeared most efficient, because sediment tends to settle on the edges before reaching 

the center. 

The particularly high rates of infi ltration are directly linked to the geology of the 

Mbaniou Zone. The area is a flat plateau underlain by a layer of ironstone. This layer is 

typically shallow near the escarpmnt and away from the seasonal stream channels; in  this 

case the overlying soil usually consists of gravelly sandy loam. Closer to the stream 

channels, however, the surface soil consists of sandy loam underlain by sandy clay loam. 

The substrata of ponds were observed as part of the hydrological survey. Generally 

soils have an increasing clay content from top (about 15 percent clay) to bottom 

(approximately 20 percent clay), but these are ancient, highly leached soils, and their 

-c~ssito~ii;tiervoimt-charrge-~pon-~~, so- that-they-arrrhighfp perm* -W&- - 

the pond bottoms are also bisected by ancient streambeds composed of a highly permeable 

medium-grain sand. I n  addition, pond design i s  such that the area of pond embankments is 

large relative to the area of the bottom. This means that even i f  sedimentation were to 

reduce infiltration through the bottom, infiltration would st i l l  take place mostly through 

the sides. 



additive [nay also bc* mixed with the subsoil to reduce permeability. However, all of these 

methods are expensive, and require extensive redesign and annual maintenance, to protect 

the ponds from water erosion and cattle trampling. Mitigation of these problerns would 

require a sizeable investment and substantial maintenance after construction. Nothing in 

the project's experience suggests that local populaf ions have either the rneans or the 

incentive to take upon these tasks. 

I n  conclusion, the benefits of the ponds is such that any gains on cattle up to 

mid-January, for example, have disappeared by the end of the dry season, and relief on 

denuded areas around villages is too brief to make an impact on the continuing process of 

degradation. Even if ponds retained water longer, one would have to build more in order 

to support cattle in a way consistent with the goal of insuring adequate forage resources 

(19 ponds have been completed, versus the 30 recornrnerided in  the original CID 

document). This is impractical for two main reasons: (a) there is a finite number of 

suitable sites, from the viewpoint of soils and drainways; and (b) the cost of building and 

~naintaining that rnany ponds would be out of proportion w i t h  the value of gains in 

livestock and labor savings. 

More thorough hydrologic and geotechnical studies are required before proceeding 

with this type of expensive structure. I n  this area, such studies would hare revealed that 

most of the Mbaniou Zone has perrneiible subsoils unsuitable for pond construction. Ln 

addition to improvement of wells, the most practical alternative seems to be to deepen 

natural ponds found in the area. These retain water for longer periods of time than ponds 

built by the project because they have good clay bottoms, and are surrounded by 

vegetation which limits evaporation. Of course, this must be done w i t h  great care, so as 

not to damage the water retention capability of natural ponds. 

3.2. ROADS AND FILIEBKEAKS 

Roads were first built in the area (mostly in the Mbaniou Zone) to allow heavy 

s o n s t r u s - t i o n - ~ p m e ~ - z ~ ~ ~ ~ ~ - ~ t h e -  paad--&s+ T k  ker-i-~-~roaW heee ~eferf-t% graded- 

tracks usable at  all times but the height of the rainy season. Access roads were widened 

and the network extended to provide a total of 185 kilometers of seven-meter wide 

firebreaks, suitable for project and private vehicles. In addition, three fire towers were 

built in the project's first phase, as part of the overall firefighting plan. 



Comparisons of overall yearly rangeland burns in the mid-1970s (before construction 

of firebreaks), and of the present extent of burns, as well as ongoing observation during 

the project life, indicate that neither the extensive firefighting plan nor the firebreaks 

themselves have had a noticeable impact on annual burning. The f ire towers have not 

been used, populations have not mobilized to fight fires -- except when cultivated fields 

and villages were actually threatened. The effectiveness of firebreaks has proved to be 

~ninirnal, because of the orientation of prevailing winds, the narrowness of firebreaks, and 

very fast vegetation regrowth. A l l  these problems have been explained in  detail in 

previous work (inter aha, Legast, 198O), as well as i n  the Soils and Water Engineering, and 

Range Management reports. A t  the same time, the education effort designed to raise 

consciousness in the population's rninds of the need for better bush fire rnanagernerit does 

not sceln to have made much of an impact so far. 

The basic problem i s  that total fire management in the area i s  technically possible 

only at costs entirely out of proportion with the benefits one would derive from protecting 

from fire vast expanses of l i t t le  used rangeland. The on1;l cv~st-ef fective way to deal with 

fires in vast low productivity areas i s  f ire prevention rather than firefighting. However, 

this requires a di f f icul t  and long-term effort of dialogue and education with local 

populations. Fires wi l l  always occur in the project area, especially since occasional 
. . 

burning at the right time of year is beneficial to rangelands. 1 eclmical approaches 

designed to control fire, once started, appear doomed to iailure. 

This being said, i t  turns out that one of the most important aspects of project 

interventions is the impact that the establishment of this network of roads had on the 

area. Previously, this area of Senegal was one of the most isolated and inaccessible. The 

only means of cornrnunication available were sinuous l i t t le  cart trails. Koads have 

allowed villages in  the area to become integrated into the local adrninistration. They are 

used by project staff for their regularly scheduled rounds. With better accessibility, 

t ra f f ic  from government agencies and political parties has increased. Some private 

transporters have also started to penetrate the area. Villagers often speak of the new 

roads as an irnportan t improvement. 

Many development professionals who have worked on and appraised livestock projects 

have come to the conclusion that excess physical infrastructure is the chief reason why 

almost none are financially or economically viable. The basic reasoning is that the very 

nature of the resources involved makes it extremely diff icult to show tangible results of 



highly visible infras truc ture (e.g., firebreaks, wells, corrals, fences, administrative 

buil'dings and so forth). In  this particular case, howey cr, the complete absence o f  any 

other infrastructure i n  the project area justifies such interventions as road building and 

thc cstdblistlrnent of a technical base at Mbaniou, beciruse of the many anc.illary benefits 

from this infrastructure. 

The construction of the Mbaniou base with i ts  houses, classroo~n buildings, of [ices, 

storerooms, and garage, each provided with electricity and running water, has had this 

typc of impact on the area. TIrc cstablishrnent of such a base to per~n i  t the outposting of 

veterinary staff has been a success. Decause of the precedent set at the base, veterinary 

staff wcre assigned to small villages tlrroughout the project zonc. 

The base has exerted a very strong magnet effect by bringing other gwernlnent 

projects. For instance, the base offers relatively comfortable housing, electricity five to 

six hours a day, arid running water. The Ministry of Education has bccn able to send a 

teacher to the area, who started the first Francophone school in  thc zone. During the 

school year, 36 children were enrolled, coming from six neighboring villages; 12 o f  the 

students were girls. 

The Uakel Iicalth project has also taken advantage of tlrc physical facilities a t  the 

base and there is trow rnedical personnel in  the drea for the first time. 

3.4. LIVESTOCK EXTENSIGN SEl<VlCliS 

3.4. 1 . Ani~nal Health 

Another successful intervention has been the provision of veterinary services i n  the 

project area. The outposting of ATEs (Agents Techniques dtElevage) at the Mbaniou base 

and in  area villages has made it possible to intervene almost immediately in  response to 

outbreaks of contagious bovine diseases. On several such occasions the project was 

notified the same day; i n  the days that followed vaccine was brought in, and the threat of 

epidemic contained. 

The fact that .4TEs live in  the villages and have a regular visiting schedule allows 
_ _ _ -- 
herders to consult wi th them, obtain advice and make them aware of any outbreaks of 

disease among their animals. It is our feeling that observed gains in  morbidity and 

mortality of livestock are directly related to this particular approach of animal health 



small ruminants a r e  most o f ten  managed by women. 

3.4.2. Supplemental Feeding 

To irnprovc the condition of ca t t l e ,  especially of cows which freshened before the 

rains, t h e  project has relied on ATEs to  encourage herders t o  buy and use cot ton seed a s  a 

supplementary feed. The program was also intended to  boost the quantity of milk 

available to  the  family by supplementing t h e  ration of selected lactat ing animals. There 
f 

is evidence tha t  in larger villages with important concentrations of ca t t l e ,  t he  

supplemental feeding program has been adopted by some herd owners. Unfortunately, no 

priority in supplernentciry feeding seems to  be  given to  lactating cows, as was suggested in 

ex tension meetings. 

3.4.3. Livestock tvlarketinq 

The marketing program was established by project staff t o  give herders access to  a n  

additional rnarketing outlet ,  thereby promoting competit ion with other  buyers, and 

hopefully maximizing the economic benefits derived by owners f r o ~ n  animal sales. In the 

beginning, a cont rac t  was signed with SElZAS, a public society in charge  of livestock and 

ineat ~narket ing.  Animals were bought on a live-weight basis, and transported to  Dakar. 

Selling nnirnals f rom the  Boundou on t h e  Dakar market  was -- and rernains -- a rational 

approach, since the price of  meat  a t  the reta i l  Ieve: is higher in Oakar than anywhere else  

in Senegal. I t  turned out, however, t ha t  because o f  i t s  costs  and fees structure ,  SElZAS 

could not really pay more on a live-weight basis than the prevailing r a t e  among traditional 

buyers, and this approach was discontinued. I t  was then suggested tha t  the project buy 

animals, transport  them t o  Dakar with i t s  own truck, and sell them t o  private t raders  on 

t h e  capital 's  livestock market. tiowever, i t  soon became apparent  t ha t  this required a 

knowledge of the  industry and professional connections -- in addition t o  some sharp 

management and business skills -- t ha t  no one an t h e  project staff possessed. 

Nevertheless, continued improvement of project marketing act ivi t ies  should be  sought. 

Currently, c a t t l e  a r e  bought from herders and sold on the  Bake1 market,  partly under . . 
m t m . l r c  who a r e  h a v h o  u c l i f f  ic-ate u ~ p e r a t o r s  t o  

butcher animals, given t h e  official re ta i l  price of meat  in t he  city. Supplying c a t t l e  t o  

the c i t y  oi Bake1 therefore  resembles rnore a public service than e f fo r t s  t o  maximize t he  

benefits derived by herders from their animals. 

Our survey of inventory changes in livestock herds included prices received for  

animals sold; these were compared to baseline d a t a  collected eight years previously. For 
I 



cattle, cornparilions of weighted average sales prices suggest an increase in prices 

received of about 30 percent; for goats, the increase is on the order of 20 percent. 

Uaseline data on s!!cep prices are unfortunately not available, but considering the average 

1984 sale price of sheep (over 13,000 CFA Francs), the increase in price received by local 

populations rnust have been much higher than for goats. Given that the project's 

marketing program handles a very small proportion of livestock sold in the area, one 

should not attribute to it any gains in prices received by owners for their stock. 

As far as cattle are concerned, the option of helping organize shipments from the 

project area to rnore promising regional markets like G0l~diry and Tambacounda rnust be 

seriously explored. Also worthy of additional involve~nent is the area of small ruminant 

~narke ting -- especially shecp. Project marketing activities dealing w i t h  sheep have 

excellent potential, especially as they rnay relate to the sharp annual rise in derrland for 

Moslem holidays. 

3.5. OTtiEl< EXTENSION SIJKVICES 

One must first recognize that general extension activities in the project's rnore 

recent phase (after the 1980 redesign) have taken on a relatively bold n e w  orientation, arid 

have beer1 much Inore successful than anything attempted previously. Prior to 1980, the 

approach had becn to provide livestock health extension through livestock agents working 

out of the city of Uakel, which meant that any visit to the project area turned into a 

minor expedition. Other extension services (sensitizing populations about project 

activities and objectives, education, home economics, etc.) were handled by Promotion 

tiurnaine agents, most of whom could not speak Pulaar, and had no technical knowledge of - 
the local agropastoral systern. In addition, technical staff in charge of livestock extension 

alhd Promotion Humaine agents answered to different administrations, and neither worked 

together nor coordinated their activities. 

The project administration deserves very high marks for restructuring extension 

services along lines much more suitable to local conditions and rnore conducive to the 

establishment of a working rapport with the populations. In the first place, the technical 
- 

-and-extension fkTd starfs weFe Gved-  to the Mbinbu base, Iocated in fie proFct zone. 

Secondly, livestock and other extension services are now handled by Pulaar-speaking 

agents either assigned to various villages, or operating out of the Mbaniou base. By 

working so rnuch closer to project populations, extension staff have gained a greater 
* 

degree of trust on the part of villagers, and a rnuch better perception of day-to-day 



One of the most successful project interventions has been the Pulaar literacy 

program. The project recruited and trained fluent Pulaar speakers to teach literacy in 

certain villages of the project area. The teachers, or AVEs (Agents Vulgarisateurs 

d8Elevage), are based in villages throughout the project area. Frorn there, they have a 

regular schedule of classes in  nearby communities. Villagers are expected to build a 

classroom for the students. Most are crudely built structures that provide shaded space to 

hold classes. 

The classes are extremely well received w i t h  a high level of attendance. When 

visiting a village with a literacy program, one is struck by the arnount of graffiti on the 

walls of houses, done either in chalk or charcoal. These are done by young students having 

learned to write, and possessed wi th  the need to do so. Any  vehicle arriving in the village 

covered wi th  dust is soon used as a blackboard. IJpon arrival, it is common to have young 

students proudly place in your hands scraps of paper wi th  writing in Pulaar. In a 

co~npound where a new bench had been built, the fresh white logs had been almost entirely 

covered with writing in Pulaar. 

The literacy classes, open to children as well as adults, are conducted around useful 

themes, for instance: how to recognize illness in a cow, ways a good herder should look 

after his cattle, or feces-borne diseases and village sanitation. 

The Pulaar literacy program lasts three years. After the third and final year of 

classes, a Francophone school was opened in the hlbaniou Zone. The school was well 

at  tended, and students were well prepared undoubtedly because most had already at rained 

a certain level of literacy in Pulaar. 

3.5.2. ltlaison Farniliale of Ndia 

The village of Ndia hosts a Maison Farniliale (rural family extension center), whose 

stzff works in several villages of the Mbaniou Zone. They have been regularly monitoring 

the weight and growth of infants. With the help of the Maison Fa~niliale, the villages of 

Ndia and Mbaniou have been able to obtain milling machines which are important labor 

savers for women. The Maison Farniliale has also been the channel for the introduction of 
- -- - - -- - - - - - - -- - - - - - - -- -- - - -- - -- - - - - -- 
two technologies that rnay have some potential for lowering fuelwood consumption in the 

project zone. The first is a wood-burning stove made of adobe which rnay save 30 to 50 

percent on cooking fuel. The f e w  stoves installed in the area, however, have become 

disused. Perhaps pressure on fuel resources in the area does not appsear to women 

sufficient to warrant a substantial change in cooking habits. I t  may also be that if the 
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wood gatherer and the cook are two different persons, the incentives to make the switch 

-- -. - - - -  - - - -- -- 
villages for training as teachers. The selection of former students was done essentially on 

the basis of merit. I n  one village the best student was a young man from a slave caste 

household. He was given the responsibility for teaching classes in  his home village and in  

several surrounding ones. Of course, this meant he would be teaching religious and 

chieftainship caste children as well as those from slave and artisanal castes. The upper 

caste family that gives the village its chief objected to this and asked that an upper caste 

are quite uneven. 

During the 1984 dry season, a medium-sized methane generator was installed at the 

Maison Famillale base in  Ndia, and a smaller one in a project village. The larger 

generator supplied enough gas for a lamp and two stove outlets; the smaller one produced 

enough for a lamp and one stove outlet. The larnp was used every night and was greatly 

appreciated by villagers, but wornen did not use the stove outlets; they felt i t  did riot give 

them the flexibility in flame size that they could obtain from traditional cookirrg methods. 

3.6. CHANGE AANL, SOC1,4L STIIUCTUKE 

There is evidence of ongoing challenge to established social relations in the project 

area. This is causing friction both within, and in sorne cases, between villages. i t  i s  

dif f icult to isolatc the principal agents of this change or to determine their order o f  

importance; however, rn i l~r~ l t ion plays a rnajor role and along with the project itself i s  a 

chief agent of change. because of i ts institutional nature and of services i t  brings to the 

area, the project has tended to crystallize conflict that would have otherwise rernained 

mu tcd. 

The changes attributallle to ~nigration have occurred both at  the individual and at the 

community levels. 111 some villages, for instance, slave and artisanal caste households 

Iiave been able to improve! their econolnic position considerably through labor ~nigration. 

A l l  castes are likely to migrate since social status does not appear to be a determinant of 

labor ~nigration. Migrants f r o ~ n  lower and upper caste households have equal chances to 

succeed, and sorne lower caste households have done very well for the~nselves. This raises 

~ r ~ i l d  but unquestionable challenges to traditional social order. 

Some of the project programs have led to direct challenges of the established social 

order. A good example has been the project's introduction of functional literacy classes 

i n  Pulaar. The curriculum of the Pulaar program lasted three years, with classes being 

open to all. i n  the klbaniou Zone, 1983 marked the end of the first literacy program. To 

continue the program, project staff held a test to select the best students i n  each of the 



notified them that the village would not participate in the continuing literacy prograrn 

since i t  meant that upper caste children were to be taught by a slave caste youth. 

Another example of friction between castes as a result of project intervention 

occurred in the same village. The research and evaluation team gave malaria pills to 

participating villages. These were presented in a public forum, and it was stated that 

they were intended for the village as a whole. In  this particular village the pills were 

never allocated throughout, but were all used within the chief's family. When a second 

such gift was being rnarle, the project representative was approached quietly by ii lower 

caste rnernber requesting that the project give another box of pills for the lower caste 

households, since they had not been able to share i n  the first allot~nent of pills, 

The stronghold of the traditional social and historical order is not only evident within 

villages; it plays an i~nportant role in relations between settlernents. This beca~ne obvious 

when an attempt was made to group villages together to work on deirlonstration plots 

using various  neth hods to prevent erosion. One village scheduled to participate considered 

itself historically and socially superior to the others and refused to take part in  the 

collective effort. They felt that the effort should have been done on their ter~ns, and that 

they should not have been asked to participate as equals with villages of lower status. 

These are some of the rnost obvious manifestations of conflict precipitated by project 

interventions. However, in rnost cases conflict was not as obviously manifested. The 

village chief can play an important role in minimizing conflict within the village. In the 

project area it appezrs that villages with weak or unresolved leadership have inore open 

conflict problems. 

Leadership in the project villages is assumed by the eldest rnale survivor of the 

founder or founders of the village. The line of succession is from eldest brother to 

youngest brother and then on to the eldest son of the eldest brother. The leadership of 

the chief is an expression of the consensus opinion based on the village's leading family 

and its elders. i f  the leading family has not agreed on its leadership, or if the leadership 

is weak, support for rnajor issues is more difficult to establish. Conflict can be an 

indication -- - that -- -- the leadership is not consolidated or that there i s  ~ ~ m e  dissention between 

the senior men of the founding families about the abilities of the present chief. In 

villages where the chief is a strong leader and takes time to look after problems, neither 

caste conflict nor disputes between households are too pronounced. I n  most villages of 

the project zone the leadership is well in-hand. 



3.7. RANGE IJSE, IMPltOVEMt!NTS, AND PtiELlMlNALZY MANAtiEMLlN'l' PLAN 

3*7. I . - lJse of 1ianj:e Nesources by Livestock snd Pe& 

Part of the data collected for the design of a range management plan included 

surveys on spatial patterns of daily grazing by large and small rurninants, and on the 

composition of cattle diet. 

Cattle tend to use the same general areas for many weeks, altlwugh daily grazing in 

the rainy season is centripetal: livestock rnove closer to the villages as the season 

advances. In the early to mid-rainy season, livestock have to walk relatively far in order 

to consume their full, I n  the transitional period between the rainy and dry seasons, they 

remain around Wages to graze crop residues. Hy the mid-dry season, distcirlces travelled 

for feed are longest, but near the end of $he dry season slightly shorter distimces are 

required because the trees start to get new buds, a major source o[ feed for a l l  livestock. 

Small rurninants graze closer to the villages, and are watered around mid-day by 

wornen. Flocks lnay be accompanied by a herder at the end of the dry season when forage 

becomes scarce; the herder follows the flock and chops down tree leaves and pods for the 

animals. 

People also rely on range resources for a number of economical 

The Uakel market offers a diverse supply of products (e.g., gum arabic 

construction material and fuelwood). 

1 y irnpor tant uses. 

, medicinal plants, 

3.7.2. Important Features of tht! Livestock Management System 

Certain aspects of livestock nrarragelnent are not consistent wit11 higher levels of 

range and livestock productivity. In  addition to custorns, people behave as they do on the 

basis of a given ratiorrale. We recognize that new rnanagelnent practices can only issue 

from a combination of educational efforts and a change in  the social and economic 

environ~nent. Never theAess, the management features ,currently representing some key 

constraints are outlined below. 

The paramount feature is the lack of herding of livestock; catt le are herded only 

when at  "camp," or during a long transhurnance, Althoueh professional herders are most 

Herding is practiced rnore often i n  the Senegal Basin area, but even there, only as a last 

resort. Herding i s  clearly not an attractive proposition to the people; however, any 

improvement in range and livestock would necessarily require rnore careful supervision of 

herds. 



'f he only other' signif icon t I experldi ture f c is wateri ng, espcclally 

during the dry cwison. The order according to which herds arc! watered is establivhcd at 

village rnectings and naturally reflects the community's hierarchal power structure (the 

order doesnt t change over time). 

During thc dry season catt le are staked overnight over lields, the location being 

changed about every two weeks. However, this prevents manure from being trarnpied and 

pulverized, so that benefits to the soils are dirninislwd or delayed, everl when the sarne 

fields are manured year after year. Other groups, south of the project zone, tend to kcep 

cattle over one spot throughout the season sa that they pulverize inosc of the manure, 

which i s  then spread over the fields by the family. 

3.7.3. ~langc! I rnprovcrnen t Program 

The range iinprovernent program had two major objectives. 'The f i r s t  was to find 

ways to revegetate denuded areas, and to reco~nrnend degradation prevention methods. 

The second was to evaluate the effects of drought and to study the potential for the 

introduction of new forage species. 

Kevegeta tion of denuded areas 

The extent of land degradation in  the project drea has been relerred to in various 

parts in  the Syntlwsis and in  the other individual reports. .One can classify denuded areas 

into four lnain types. The first type may bc called "sandy mounds;" these reflect the 

init ial process of soil erosion, created by trampling, loosening the top soil layer, and 

cornpcting what i s  underneath. Rain and wind then erode the finer soil par t ides on the 

surface. The affected area thus gives the appearance of sandy rnounds. 

The second type of denudation is labelled "cemented pavement;" al l  the grasses on 

the sandy lnounds have been grazed and the sands eroded, leaving an alrnost smooth, very 

compacted soil surface. Becaus? of the compaction, there is lirni ted water infiltration, 

and trees and sllrubs cannot survive. Only a few short, hardy grasses grow there, along 

with sorne perennial bulbous plants. Where there are small cracks in  the soil, water 

erosion may take hold and create eroded gullies, which is the third type of denuded area. 

The fourth, and most extrelne case of denudation is  labelled ltmoonscape," and constitutes 

an advanced stage of the guily formation process. Here erosion exposes the subsoil 
. , . . 

-- (t':-hnriznn\ in thc@lg-f.wfahlnation. The ranamq sod IS alkaline and cannot support any- _ - 

vegetation. I t  was fel t  that these areas were too far advanced in the erosion process and 

no attempts were made to revegetate them. 



A n y  attempt at  revegetating denuded areas (except moonscapes, which are in  a state 

of erosion bcyorld revcgetation) must combine modification of livestock rnanagernent 

practices to prevent further degradation by animals, and active revcgetation. Five 

techniques were tested for the revegetation of denuded areas in the Garnbia basin area. 

3.7.3.2. - Five cxperimen tal techniques for revegata tion 

3.7.3.2.1. Fencing. This was done using local techniqucs and materials; the problem, 

of course, is that this requires cutting new tree branches! Fencing is rather 

time-consurning (20 rnenlday to build about 100 meters of fence); and the fences must be 

replaced at least once a year. Fencing by itself was found to be beneficial on sandy 

inound type areas, but not effective on the rnore seriously denuded rlreas. 

3.7.3.2.2. Dead-wood dikes. These were placed perpendicular to the slope, retaining 

both soil and seeds (mostly for grasses in the first year of succession). The tlreory is that 

after the first year, rnorc herbaceous plants establish tliernselves, and evenrually the soil's 

infiltration rate increases cnough to allow the growth of trees arid shrubs. The results 

from this experiment were encouraging, especially on cerncnted and gully-type denuded 

areas, however, this technique takes yeus to have a ful l  i ~ n p x t .  

3.7.3.2.3. Plantiny trees. Retrogression studies have shown that Acacia sene~a l  

appears to outlast other trees on degraded soils. Seedlings were therefore planted on the 

sites, along with I'arkinsonia aculeata. In general, Acacia sen. performed better, bu t  the 

lack of herbaceous cover on the planting sites minimized infiltration of water toward the 

roots and cast serious doubts on the trees1 chance to survive much longer. 

3.7.3.2.4. l i i p p i n ~  with drdft anirnals. This technique was applied only to ce~nented 

soils, with a pair of oxen hitched to a local disk. Even just after a rain, the soil was very 

hard and the blade did not go deeper than 10 crn. The first-year effects were rerndrkable, 

but by the second year the vegetation cover receded, unless the soil was ripped again. In 

addition, diskmg may promote further soil erosion. 

3.7.3,2.5. Ripping with a bulldozer. This was done on another cemented area, up to 

depths of 50 an.  Rip lines were seeded with a variety of species a t  a rate of 3 Kglha. 

The resulting overall density of herbaceous plants was low however. In  addition, this 

technique involves high costs, and equipment available only through government agencies. 

The best approach for revegetation appears to be a combination of all techniques 
--- ~Wnt; * 

senegal in rip lines every five rneters, and placing dead wood dikes every five meters 

downslope from the trees. This wou!d encourage at  the sarne time a rejuvenation of the 

soil, and of the herbaceous and woody layers. However, there are two main proolems. In 



thf! first place, villagers are obviously aware of the overall problem of expanding 

degradation, but do not seern willing either to link i t  to overgrazing or to treat i t  as a 

crisis situation. Secondly, the extent of denudation is such that even i f  villagers were 

willing to take on the task or' soil regeneration, their own resources are much too limited 

for effective action. Any effective prograrn of degradation control would thus require a 

combination of education at  the village level, to enlist the essential cooperation of 

affected populations, and a sufficient cornmi ttrncnt on the part of the government to 

allocate the necessary resources. 

3.7. 3.3. Introduction of new forage species 

Since thc 1968-72 Sahelian drought pattern started, various researchers have 

observed profound changes i n  the species composition of rangelands. 'The range ~nanager's 

own work in the project area and other local or related sources suggest two major 

observations: (a) the northern h i t  of t3ombax costatum, a tall tree of thc Sudanian 

region, has progressively moved south; and (b) t h e  has been a marked reduction in the 

density and spatial extent of perennial grasses and forbs. 

l'lw purpose of the forage trials program was to test the adaptability of exotic, 

drought tolerant perennial grasses arid legumes. In  I983 and 1934 a total of 85, different 

forage species and varieties were planted in the hlboniou Zone, including trees, shrubs, 

herbaceous species, and a few plants suitable for both hurnan arid animal consumption. 

For trees and shrubs, Acacia senegal and Parkinsor~ia aculeata perfor~ned particularly 

well, along with Leucaena leucocephala and Cajanus cajan. Two of the perennial grasses, 

Cenchrus ciliaris and Panicum antidotale appear to be able to survive in  the area, 

especially the Cenchrus a. Cenchrus ciliaris and Xlacroptilium atropurpureum (Siratro) 

performed well on the degraded sites that had been ripped; Siratro had the added benefit 

of being a trailing plant that can provide good cover to the soil. 

The two rnillet and the perennial soybean tested performed much less well than local 

crops. However, people seemed to appreciate the ni6bh (Vigna unpuicula ta), in associa tion 

with sorghum in their fields. 

3.7.3.4. Preliminary range manavement plan 

The preliminary Range Management Plan (KMP) is a synthesis of research activities 
a "urn 'a of- t u  flh to-- ~~~ 

guidelines for the management of livestock range and water resources by the people of 

the project zone. The guidelines are primarily aimed at  preventing further degradation of 

the rangeland, and at  improving the productivity of the livestock. The role of the project 



should be to extend the Plan to tile peopl e and to assist with financi and tech 

resources wherever necessary, The Plan incorporates three organizational levels that 

currently exist in the project zone: herders, villages and pastoral units, 

At the herder level, the Plan concentrates on providing guidelines to improve the use 

of the rangelands. The irnplernentation of the I2ange Management Plan as a whole 

presupposes close year-round supervision of herds. 

In order to prevent the concentration of animals around the villages, the l i M P  calls 

for a stratification of the village herd into a "bush herdft and a "milk herd.It The rliilk herd 

is to be composed of the milking cows and their calves, and a few draft oxen. These 

animals, along with the equines and small ruminants, would be kept permanently a t  the 

village. An approximate 5 krn rddius around the village would be reserved exclusively for 

thcrn. They would water at  nearby natural ponds or the well, and would receive 

supplernttntal feed and minerals. 

The bush herd would be composed of the remainder of the cattle (heifers, pregnant 

cows, bulls, etc.) and they would be herded a t  carnps. Whenever a pregnant zow dropped 

her calf, she would be returned to the village, and dry cows and their calves would be 

taken to the carnps. Otherwise the bush herd would remain on the range all year, moving 

from one pasture to the next. 

The idea of stratifying the herds is not new. Certain pastoral groups in Africa such 

as the Oinka of the Sudan have been practicing it for thousands of years. Uut it is a new 

idea for settled agropastoral groups such as the Toucouleur. However, it is an idea that is 

not too much beyond the existing husbandry system. Already the animals are herded to 

distant carnps even though it is only for the protection of fields. In addition, i f  the owner 

is forced to send his cattle on transhumance to Mali because of the lack of water in the 

village well, he will try to keep a few milking cows for the Iiouseholdts needs. Finally, the 

herd stratification strategy relies on a relatively cheap resource: the herder. Fencing o f f  

the pastures into grazing blocks would achieve the same results, but fences are quite 

beyond the peoplets financial resources. 

One! constraint to the success of the stratification strategy is the fact that the water 

catchment basins built by the project do not retain water throughout the dry season. 

Therefore, the bush herd would be forced to return t o  the village well when the 

water-points dried up, but they would be herded out again with the first rains of the 
-- - - - - -  - - - - -- - - 
season. Therefore, they would be spending a t  least 6-8 rnon ths of the year away from the 

village. i t  is expected that this reduction in the grazing pressure around the villages 

would help to prevent further degradation of the soil. In addition, it is expected that the 

greater forage availability for both the bush and milk herds,, as well as a decrease in the 



distance that they have to walk everyday, would result in  significant increases in 

live-weight and milk production. 

Other programs ot the village level should include certain irnprovernents in  the 

cultivation/livestock interaction (discussed in Chapter 3 of the Range blanage~nent 

Report) such as better manure utilization techniques, fallow-crop rotation systems, and 

better maintenance of fences around the fields. 

Finally, the revegetation of denuded areas should be organized at the village level 

since 90% of the denuded areas are in the radius of individual villages, The project should 

encourage the for~nation of working par ties, village nurseries and seed lnultipliccltion 

plots. The women should also be included in this program. 

The pastoral units (UP) are the only institution that can be used to manage the rnore 

co~ntnunal, extravillage resources, such as water-points and firebreaks. One cannot 

expect the project to continue to rnanage them, nor can one expect the government to 

take over the responsibility. 

Therefore, the project must concentrate its efforts on establishing the institutional 

legitimacy and framework of the UPS. In addition the UPS must be assisted by the project 

so that they can take over the responsibilities of organizing cornrnunal work. A t  the 

moment, the most important cornrnunal actions that could be done are the water 

development strategy (discussed in Chapter 4.1. of the Iiange Managerr~en t liepor t), the 

cleaning of firebreaks and control of bush fires, and the improvement of rangelands 

through reseeding with perennial grasses and legumes. 

Once the government has established the UPS legitimacy of land tenure, the project 

can begin to emphasize the land use implications. The concept of "grazing or watering 

permits" and the fact that these permits apply to the use of their range by both 

neighboring UPS and nomads, must be discussed with the people. The two hurdles to 

implementing a permit system (social inacceptability, and the lack of physical means of 

supervision and control) should also be discussed, but will have a better chance of 

resolution if the rural communities are established and if  the Sylvo-Pastoral Code 

incorporates the concept of perrni ts. 

In conclusion, the RMY proposes a series of programs aimed at three main 

~r~aniza t idnal  levels: the herder/livestock owner, the village, and the pastoral unit. The 

project's role should be to encourage the adoption of certain A- improvements in the - - 
traditional animal husbandry and range exploitation system, the details of which must be 

filled in by collaboration with ths1peop1e. The adoption of all aspects of the RMP cannot 

be expected very soon. tiowever, the R M P s  simplicity, and the fact that the programs a t  

each level can be implemented independently of each other, suggest that the failure of 

one aspect of the Plan would not necessarily jeopardize arly other aspect. 



Adarns, Adrian. Le Long Voyage des Gens du Fleuve. Paris: .Maspero, 1977, 

Chastanct, hlonique. Crises de Subsistence, unc Etude I-iistorique dc Udtel. Paris: 
OIlS'I'OM, 19112. 

Diaw, Djibi Dior. Ifl<apport sur le Volet Cornmercialisation," Memorandum, Oakel 
Livestock Project. Dakar: USAID Mission, 1983, 

Dickie, Alex. "liange Management in Eastern Senegal, Vegetation Inventory and 
Analysis," Masters Thesis, N e w  Mexico State University, 1982. 

Duberson, Alain. Les l'ravailleurs Sonink6 et Toucouleur dans ItOuest Parisien, Cahier 
Sciences Humaines M 12. Paris: OllSTOkl, 1973. 

"Joint Assessment of USAID Assistance to Sengal." USAID h,lission to Senegal, 19111. 

Kane, Francine and Lericollais, ~ n d r 6 .  LtErnigration en Pays sonink& Cahier Sciences 
tlurnaines I/ 12. Paris: OIISl'OM, 1975. 

Latham, Michael C. Hurnan Nutrition in Tropical Africa. Rome: FAO, 1980, 

Legast, P. "~Mernorandum on Fire Fighting Techniques for the Uakel Project." Dakar: 
lJSAlO Mission to Senegal, 19110. 



Eastern Senegal Range and 
Livestock Development Project 

Range Management 

Maryam Niamir 



EASTERN SENEGAL RANGE AND LIVESTOCK DEVELOPMENT PROJECT 

RANGEMANACEMENTHEPORT 

Maryam Niarnir 
I2 ange Manager 

Prepared by 

Center for Research on Economic Oeveloprnent 

University of Michigan 

for 

U.S. Agency for International Development (USA1 D) 
Contract No. 685-0202-C-00-2 1 37-00 





MENTS 

'The author would like to thank the following for their contributions: Dr. J, Dickey 

(SDPT/IJSAID), Dr. Valenza (LNERV/Scnegal), and Dr. H. Bremari (LWS Project/Mali) for 

their valuable insights into the range and livestock systerns; Dr. H. t i i i let  and the staff at 

the Herbarium of the Museum National Historique Naturelle i n  Paris, for the verificatiorl 

of the identity of the plants collected in  the project area; Dr. Koberge (ISl<A/Senegal), 

Dr. Uailly (CNlIF/Senegal), Dr. He Hulet (ILCA/Mali), Dr. Sgaravatti (FAO/ltaly) and Dr. 

J. Gritzner (BOSTID/UStZ) for the timely supply of experimental forage seeds; Mrs. K. 

Oieng (ORANA/Senegal), Dr. Guerin (LNERV/Senegal) and Dr. M. Arborio (Institut 

Pasteur/Senegal) for their interest and assistance in  the laboratory analysis of milk, 

forage and water samples, respectively. 

The excellent support provided by the Senegalese Project Director, Dr. Abdoulaye U. 

Niang, during the two years of our fieldwork was greatly appreciated. Without this 

support, and without the constructive and friendly relations betweeti the CLIEIJ team and 

the Senegalese staff, none of this would have been possible. The IJSAID/Dakar Project 

Officer, Mr. Larry Harrns, and his staf i ,  smoothed over many adrninistra tive tangles. 

The backing provided by CKED Project Director Dr. Edgar Ariza-Nino, and Dr. Henri 

Josserand, and their visits to the project helped us to stay on course. The assistance of 

the CItED support staff was indispensible and greatly appreciated. The author thanks Dr. 

Robert Bement for taking the time, and the trouble, to visit the project and for providing 

useful suggestions. Many thanks also go to Patrick ~homas  and Allen Clark and their 

families for helping to rnake an excellent team, and making l i fe  that much more enjoyable 

in 13akel. 

Finally, the author thanks Oumar Ndorn and Moharnmadou Ba of the village of 

Toulekedi for their cheerful assistance i n  the of ten laborious range research tasks, and for 

being excellent models for the other young people in their village. 



. . . . . . . . . . . . . . . . . . . . . . . . .  ALKNUWLEUCIGMCN13. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  LISTOF TAULES 63 

. . . . . . . . . . . . . . . . . . . . . . .  LIST OF FIGUliES AND MAPS 65 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . INTKODUC'I'ION 67 

2 . SUMIL1AIlY OF CONCLUSIONS AND l<ECOMILI&NDATIONS~ . . . . . . . .  69 

. . . . . . . . . . . . . . . .  . 3 REPORT ON THE RESEARCH ACTIVITIES 77 

. . . . . . . . . . . . . . . . . . . .  3.1. Kangellcsourcelnvcntory 77 

. . . . . . . . . . . . . . . . .  3.1.1. Meteorological Context 77 
:alContext . . . . . . . . . . . . . . . . . . .  79 . . . . . . . . . . . . . . .  3.1.3. ~o i l /~ ;~e ta t ion  Classification 79 . . . . . . . . . . . . .  3.1.4. Conclusions and liecornmendations 97 

3.2. RangeUt.ilization . . . . . . . . . . . . . . . . . . . . . . . .  97 
. . . . . . . . . . . . . . . . . . . .  3.2.1. lJse by Livestock 98 I 

. . . . . . . . .  3.2.1 . 1. Seasonal livestock rnovernents 98 
3.2.1.2. Use of water-points . . . . . . . . . . . . . .  99 . . . . . . . . . . . . . . . .  3 . 2  3 Use of pastures 103 

. . . . . . . . . . . . . . . . . . . . .  111 . . . . . . . . . . .  3.2.3. ~onchsion; and I<ecommendations ,. 111 

3.3. Livestock Management and Productivity . . . . . . . . . . . . . .  115 

. . . . . . . . . . . . . . . . . . . . . . . . .  3.3.1. Catt le 115  
3 . . . . . . . . . . . . . . . . . . . .  120 . . . . . . . . . . . . . .  3..3.3. ~ors-es, Donkeys and Chickens 122 . . . . . . . . . . . . . . . . .  *face with Farmine 123 . . . . . . . . . . . .  3.3.5. Conclusions and Kecornrnendations 124 1 

. . . . . . . . . . . . . . . . . . . . . . .  3.4. Range Productivity 125 

. . . . . . . . . . . . . . . . . . . .  3.4.1. Biomass Studies 125 

. . . . . . . . . . . . . .  3.4. 1.1 Biomass per hectare 125 
- -- - & .vr.IT-T TT7-.7. -. p.-T- . 1- . ......... . . . . . . . . . . . . . . . . .  3.4.1.3. Conclusio~~s 131 

+s 
3 

. . . . . . . . . . . . .  3.4. Forage Nutri t ive Quality Analysis 131 . . . . . . . . . . . . .  3.4.3. Community Productivity Studies 137 



LUX . . . . . . . . . . . . . . .  L Y L  
in (Gambia) . . . . . . . . . . . . . .  142 

mbed (Gambia) . . . . . . . . . . . . . .  142 
. . . . . . . . . . . . . .  143 lanus . . . . . . . . . . . . . . . . . .  3.4.3.6. Conclusion 143 

'ession Studies . . . . . . . . . . . .  144 . . . . . . . . . . . .  I 3.4. Conciusioris and ~ec<mmendations 150 

. . . . . . . . . . . . . . .  I 3.5. Range Stocking Capacity and Potential 152 

3.5. Theoretical Calculations . . . . . . . . . . . . . . . . .  153 . . . . . . . . . . . . .  3.5.2. Conclusions and liecornmendations 155 

. . . . . . . . . . . . . .  I 3.6.1. Revegetation of Denuded Areas 155 

. . . . . . . . . . . . . . . . . . .  3.6.1.1. Fencing 157 
3.6.1.2. IJead-wood dikes . . . . . . . . . . , . . . . .  158 

3 . . . . . . . . . . . . . . . . .  160 . . . . . . . . . .  I 3.6.1.4. ~ i ~ ~ i n ~ w i t h d r a f t a n i ~ n a l s .  160 . . . . . . . . . . . . .  ... .... ..- . g with bulldozer 160 

I . . . . . . . . . . . . . . . . .  3.6.1.6. Conclusions 161 

3.6.2. Introduction of New Forage Species . . . . . . . . . . . .  162 
. . . . . . . . . . . . . . . .  3.7 C.onclusions and Kecornmendations 165 

. . . . . . . . . . . . . . . . .  4 . EVALUATION OF PROJECT ACTIVITIES 167 

d . . . . . . . . . . . . . . . . . . . . .  4 . 1 Water Catchment Ponds 167 . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.2. Pirebreaks 172 . . . . . . . . . . . . . . . . . .  4 Commercialization of Livestock 174 . . . . . . . . . . .  4.4. Feed Su~~lementat ion and Veterinary Services 174 . . . . . . . . . . . .  logas Generators 175 . . . . . . . . . . . . .  . . !nsion Services 176 . . . . . . . . . . . . . . . . . . . . . . . . .  4.7. Past~aal Units 177 
. . . . . . . . . . . . . . . .  4.8. Conclusions and Recommendations 178 

5 . PliELlhllNAKY RANGE MANAGEMENT PLAN 181 

. . . . . . . . . . . . . . . . . . . . . . .  1 5.1. Herds and Herders 181 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  182 . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  I 5.4. Conclusions and Recommendations 183 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  FEKENCES 185 



A. Soil Analysis and Vegetation hven tory Data . . . . . . . . . . .  
. . . . . . . .  0. Sightings of Birds and Mamrnals in the Project Zone 

C. List of Plant Species Collected in the Dakel Livestock Project Zone, 
October 1982 to October 1984 , . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  I .  Itesults of l983/ 1984 Forage Trials 

. . . . . . . . . . . . . . .  E. Pastoral Unit Proposed Boundaries. 



LIST OP TABLES 

Recorded Monthly ltainfall in Dakel Project Zone, llJ80-1984 . , . . , . . 
Land Surfaces In Each Itange Type, 1'383 . . . . . . . . . . . . . . . .  

. . .  . * . . . . . . . . . .  Summary of Range Resources, 1983-84. , 

Average Number of Livestock Visiting Ponds per Day, 1983184. . . , . . .  
Percent Cornposition of Livestock Visiting Ponds by Place of Origin, 

1 9 8 3 / 8 4 . . *  e . . . . . . . . . . . . . . . . . . . . . . . . . .  

IJse of liangelands by Sarnple Herd, Junc/Scptcrnber 1984. . . . . . . . .  
Average Arnoun t of Tirne Spent on Uif  ferent PIC tivi ties and Oistance 

'T'ravelled per Day by Catt le  and Small liuminants in 1983184. . . . . . .  
Cornpositicrrl of Daily Diet of Cattle in  1983184 . . . . . . . . . . . . .  
Lornposition of Daily Diet of Goats in 1983184 . . . . . . . . . . . . .  
Plants and Plant Parts Found in the Uakel Market, June 1984 . . . . . . .  
List of Sorne Names Given to Catt le  by the! Toucouleur of the Project Area . 
Average Nutritional Content of Cows! /viilk in Project Zone, l!j83/84, 

Cornpared to Other Regions * * . . . . . . . . . . . . . . . . . . .  
Itesults of Milk Quantity Measurements, 1983184 . . . . . . . . . . . .  
Summary of Biomass Studies . . . . . . . . . . . . . . . . . . . . .  
Percent of Road Length LWnt in Gambia River basin Area, 1979-1984 . . .  
Advantages and Disadvantages of Yearly Burning on Annual Herbaceous . . . . . . . . . . . . . . . . . . . . . . . . . . .  Communities 

Daily Digestible Crude Protein (UCP) Requirements and Availability . . . . . . . . . . . . . . . . . .  in Diet of Catt le  and Coats, 1983 

. . .  Nutritive Analysis of Eight Woody Species in Project Zone, June 1983 

Daily Mineral Requirements and Availability in Browse for Livestock 
intheDrySeason,1983- . ~ . . ~ . . . . . . . . . . . . . . . . .  

-- -- - -- -- - - - - -- . - - 

. . . . . . . . . . . . . . .  1983-84 Clipping Studies and Treatments- 

. . . . . .  Estimated Stocking Kates and Capacities from Clipping Studies 

. . . . . . . . . . . .  Denuded Land Area in Cambia Basin, 1953-1983- 



3.23. Indicator Plants and Bion~ass of Retrogressive Stages in  Three 
I<angeTypcs,in19114* I . . . . . . . . . . . . . . , . . . . . 151 

3.24. Theoretical Stacking Capacities and Potentials for Rangelands 
in the Project Zone, in  1983/84 . . . . . . . . . . . . . . . . 154 

4.1. Advantages and Disac'vantages of Investing in Imprt,vernent of 
Water Catchment Ponds versus Constructing New Wells i n  the 
tiarnbla ljasin Area . . . . . . . . . . . . . . . . . . . . 171 

A l .  Summary of Soil Tests in the Uakel Project Zone, 1933184. . . . . . . . . 191 

A2. Rangelnventory Data: Biomass Studies . . . . . . . . . , . . . . . . 195 

A 3. liange Inventory Data: Point Center Quarter Method, 1% 3: 
Importance Valuzs of Trees and Shrubs by Range Type . . . . . . . . . 197 

4 .  Kange inventory Data: Point Center quarter Method: Percent 
Relative Density of Trees and Shrubs by Range Type . . . . . .  . . . . 198 

131. Birds Sighted in the Project Zone . . . . . . . . . . . 203 

U2. List of Mammals Sighted in the Project Zone . . . . . . . . . 209 

L 1, List of Piano Species Collected in the bake1 Livestock Project Zone, 
October1982toOctoberlY84~ . e . .  . . . . . . . . 215 

D l .  Results of 198311984 Forage Trials . . . - 231 

E I. Summary of Pastures and Water-points . . . . . . . . . . . . . . . . 239 



I 3,1, Typical Cross-section: Gambia liiver Uasin, . . . , . , . . . , . . . . 82 

I 3.2. Typical Cross-section: Senegal River Basin. . . . . . . , . . . . . . . 83 

~ 3.3, Movements of Sampled Cattle and Coats, June-September 1984 . . . . . . 104 

3.4. Schematic Diagram ol Clipping Study Site and Plant Cutting Intensity . , . 140 

~ 3.6, Typical Cross-sec tion of Denuded Areas, showing Four Types of 
Ilenudation . . . . . . . . . . . . . . . . . . . . . . . . . . . 156 

~ 3.7. Cross-sectional Diagram of Dead-Wood Dike Technique . . . . . . . . . 159 

1 4 Iliagram of a Typical Windbreak Design for Water Catchment Ponds . . . . 169 

Map 

E I. Map of  Boundaries of Pastoral Units . . . . . . . . . ,: . . . . . . . . 243 

Fl. Uase Map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247 

FL, Color Soil/Vegetation Map and Legend. . . . . . . , . . . . . . . . . 249 



project paper arnendment of 1980 is to introduce a package of technological and 

managerial changes in the traditional livestock production system of the Oakel area that 

would have potentially replicable results for increasing the productive capacity of the 

Senegalese National Livestock Sector. 

The Bake1 project area covers approxirnately 250,000 hectares within the 500-600 mrn 

annual rainfall isohyet. I t  is divided into two fairly distinct ecological zones, the eastern 

part within the Senegal River basin and the western part within the Gambia River basin. 

The rnajori ty of the population are sedentary Toucouleur agropas toralists. hrlillet and 

sorghum are t!le main cereal crops, which are grown under rainfed conditions on the slopes 

and beds of ferti le drainage ways. Sheep, goats and cattle are the main form of livestock 

produced. The rangelands i n  the project area are one of the highest potential areas in 

Senegal as a whole, but are not utilized effectively because of the lack of adequately 

distributed water sources, 

Thc Eastern Senegal Kange and Livestock Project was designed to specifically 

introduce surface water catchment ponds in  strategic locations across the range area. I n  

addition, the project provided for the construction of firebreaks, to control oush fires. 

In  the period between 1978 and 1982, certain interventions have been realized. With 

the assistance of various short-term and long-term consultants, 12 water collection ponds 

had been constructed as well as 185 km of 7 meter-wide firebreaks. The contribution of 

the technical consultants included the original project design document, a hydrologica! 

report on the design and implementation of surface water collection ponds, a range 

evaluation report, and a proposal for f ire prevention and control. 

Veterinary services and vaccination campaigns by the project staff are a regular 

feature of the project. An alphabetization program has been successfully implemented in 

the project area and a network of extension agents have been placed in  the villages. A 

preliminary socioeconomic survey of the Mbaniou Zone in  the project area had also been 

carried out. Since 1982, the two new zones of Sinthiou Fissa and Ololdou have been added 

to the project area. 
-- 

The Center for Research on Economic Development (CUED) at  the University of 

Michigan, was contracted in 1982 to provide a long-term technical assistance team to the 

project. The team was composed of a soils/water engineer, a socioeconomist, and a range 

manaeer. 



activities of the range manager during the period of October 1982 to October 1984. The 

other parts include the Synthesis Report, the Soils/Water Engineering IZeport, and the 

Socioeconomic Study. 

The range manager has been responsible for: a) an inventory of range resources and 

determination of the forage production and potential of the rangelands; b) an evaluation 

of the impact of water catchment ponds and f ire control activities by the project; and c) 

the design and development of a Range Management Plan for the project area. 

This report i s  organized according to the following headings: 

Chapter 2: Sumrnary of Conclusions and Recommendations 

Chapter 3: Kepor t on the Research Activities 

Chapter 4: Evaluation of Project Activities 

Chapter 5: Preliminary Range Management Plan 



fires, and denuded lands are resolved. 

The water development strategy for the Cambia Dash area should be based on 
improving existing water catchment basins. 

The water development strategy for the Senegal Hasin area should be initiated 
with research on alternative water-harvesting techniques. 

Continue the antif i re themes of the functional literacy program. 

Continue building new firebreaks, only i f  an appropriate way i s  found to clean 
thern using local resources. 

Encourage year-round herding of 

Assist villages in the revegetatio~ 

Restrict livestock from the floo 
season. 

livestock by the vil 

n of denuded lands. 

ldplains and strearn 

lagers. 

)bed range types i n  the wet 

Continue the long-term ecological monitoring of the rangelands. 

Continue the research on range productivity. 

Continue the research on fuelwood use by villages, in  order to develop a village 
reforestation program. 

Encourage , village-based nurseries and seed multiplication plots to provide 
forage legumes and trees for the reforestation program. 

Continue researcll on the dissemination of perennial, drought-resistant grasses 
on to rangelands. 

Encourage a more effective sup?lernentation program for rnilking cows. 

Continue the monitoring of livestock productivity. 

Encourage a better utilization of manure on farrnlands. 

Concentrate the commercialization program on the northern Ololdou Zone. 

Ex~and  the staff and resources of the functional literacy procram and- mjtension -- 
services. 

Concentrate on building the institutional capacity of the pastoral units. 

Implement the Range Management Plan discussed i n  the report. 



The natural resources within the project zone arc influenced by the geological 

feature of the continental shelf. This shelf divides the zone into two very separate areas, 

each with its own distinct soil, vegetation and geological forrnations and potentials. 

These differences necessitate slightly different development strategies for either side. 

The Toucouleur of the project zone rnaintain a very diverse portfolio of livestock and 

crops designed to meet various needs. Cattle are kept mainly for their milk, as a source 

of wealth and as recurring income (reproduction). Small ruminants and poultry are raised 

primarily for their meat and as gifts or for other cultural transactions. Horses and 

donkeys are kept as draft anirnals. However, the lnanagelnent of these livestock 

traditionally has not required much investment (whether capital or labor). Th::: only 

substantial labor requirement is during the tirnes that livestock are watered at the village 

well. Herding does not require much labor since the animals are usually herded for less 

than two rnonths of the year. Therefore, compared to the cultivation systern, very little 

time, labor and economic resources are spent on maintaining and exploiting the livestock. 

This lack of control over the livestock is a major cause of degradation of the 

rangelands in the project zone. Various simple changes in the management systern arc 

proposed in the Range Management Plan that could help prevent further environmental 

degradation. Contour plowing of steep areas on the fields, a more efficient fallow/crop 

rotation cycle, and a better crop residuelmanure exchange between cattle and the fields, 

would help to increase the productivity of the cultivated lands. 

It is recommended that two monitoring programs be established by the project on the 

productivity of the livestock. The first is a live-weight morlitoring system and the second, 

a milk quantity/quality monitoring system. Both systerns would follow on data gathered 

thus far, and would be used for ongoing evaluation and feedback on the project's impacts 

(especially the supplernen tat ion and co~nmercializa tion programs). 

The studies done on the range productivity to date show that the rangelands are 

composed of an annual herbaceous community with a good mixture of grasses and native 

legumes. They also support an important woody stratum that has many palatable species. 

The range as a whole is primarily suited to a diversified industry of small and large 

ruminants. 
. - 

However, the rGnfail patterns result in a tremendous variability h the availabiIity of  

the annual biomass. This variability is apparent not only in time (eg., between years), but 

also in space (from one spot to the next). The lack of control over these factors means 

that the management strategy has to remain flexible and acutely aware of small changes 

in the productivity of the I ~ c r i ,  



The forage on the rangeland is of a fairly high quality in the wet season, but it 

qu ick ly  deteriorates at, the dry season advances. The presence of nondecidious trees 

during the dry season is a helpful bo\jst to tho livestock diet. However, studies suggest 

that the livestock suffer from certain mineral deficiencies. Supplementation of the diet 

of livestock would probably result i n  gains in milk, live-weight and work-energy of 

livestock. 

Bush fires devastate almost 50% of the rangelands every year. Not cjr~ly does this 

rnean less foragc in the dry season, but studies also suggest that yearly bush fires tend to 

result in an increase of less desirable busl~es and a decrease of herbaceous legurnes. In  

terms of the ecology and the livestock industry, this is not a desirable trend. However, 

fires at regular intervals (eg., every 3-5 years) would probably be bencficial. but to 

implement these beneficial fires, rnore control must be exerted over people and pastures. 

Studies of the cornmuni ty productivity suggest rha t i f  certain range types (especially 

floodplains and streambeds) were not used during the wet season, then their overall 

herbaceous productivity and their theoretical stocking potential would increase. 

Studies also show that denuded land areas have been increasing at an average rate of 

5.6 ha per year per village since 1953. The main causal agent is the lack of control over 

the livestock and overgrazing, especially during the wet season. Therefore solutions must 

include, on the one hand, revegetation of areas already denuded, and on the other, 

prevention of further degradation by proper management of livestock. 

'There are various techniques for restoring denuded lands. Each of the five techniques 

tested has certain technical and economic advantages which rnake them appropriate for 

different soil and vegetation characteristics. However, the extent of the denudation is 

already so vast, that the people cannot be expected to revegetate it all by themselves, no 

matter what technique they use. The project must take a rnore active role in rnotivating 

and assisting the people in the task. 

The recent droughts have taken their toll on the rangelands. The foragc trials showed 

that a few exotic, drought-tolerant, perennial grasses and legumes appear to be adaptable 

to the project zone. More work needs to be done on finding an easy, appropriate way of 

disseminating these plants into the pastures. Other herbs and trees appear to be suitable 
- fur t h e  ~ d r r g  uf-deimd& amas 

A few exotic plants were found to be adaptable to conditions around the village. 

These include forage trees that could be planted inside the village compound, new bean 

crops that could be planted in association with the local sorghum or millet, and some 

legume plants that could be planted as a soil fertility-building fallow/crop. It is 



plots to supply their seed and seedling needs. 

The range inventory 13 a useful tool for overall resource planning. This particular 

inventory was also designed to allow long-term ecological monitoring. The point center 

quarter and frequency-biomass methods of measuring the vegetation are fast and require 

very few tools, none: of which are sophisticated. Given the problerns of environmental 

degradation, i t  is strongly reco~nrnendcd that the project (or another research institution) 

initiate a long-term ecological monitoring program that wol~ld allow a yearly collection of 

data frorn the inventory sites. I t  i s  reco~nrnendcd that the woody species be monitored at 

least every five years, and that the herbaceous species, and the rainfall, be rnonitored 

every year. 

In order to verify and complete the data on range productivity, following research 

activities are recommended: 

Continuation of yearly biomass studies on inventory sites 

Research on the productivity of the woody species 

Continuation of research on the ecological impacts of bush fires 

Continuation of the monitoring of the succession and retrogression study 
sites 

Grazing trials on the two important range types (both of the floodplains), 
or i f  resources are limited, continuation of the clipping studies 

Research on the patterns of range use by livestock show that i t  is primarily a 

function of the availability of water. Wader determines the seasonal movements of 

livestock, as well as the use of distant pastures. However, the availability of specific 

forage species which is determined by the range type, the season, and the incidence of 

fire, is also a very important determinant of range use. Therefore, the allocation of 

water-points in  the future should also consider the range types and the availability of 

forage. 

People use the rangelands in  many different ways, and the Bakel market offers a 

diverse supply of rangeland products, most of which are locally gathered or processed. It 
- -  - - - - --- - - -- - - - - - 

is reco~nmended that a survey be conducted to *neasure the quantity of wood being used 
- 

by the Bakel residents as well as other villages for construction and fuelwood. This survey 

would be used to develop a reforestation program in  the project zone. 

Theoretical caicul,~tions of the actual stocking capacities of rangelands in the, project 

zone show that given the present conditions of inadequate water distribution, up to 50% 

yearly loss in  biomass due to bush fires, and 10% of the land surface being denuded, the 



stocking capacity may be increased In good years. However, given that for the past ten 

years there have been more bad than good years, the stocking rate should not be allowed 

to increase beyond its present level. 

I t  i s  recommended that unti l  the present resource constraints are resolved, the 

stocking rate be kept below a ceiling of 10,000 UBT/dry season in  the Cambia basin area, 

and 1 1,000 UBTtdry season in  the Senegal Basin area. If, however, bush fires could be 

controlled, denuded areas revegetated, a decentralized systern of perrnanen t water-points 

developed, and livestock be herded year-round, then the stocking capacity could probably 

increase by 300%. 

The water catchment ponds built in the Gambia ljasin area have only partially 

fulfi l led their main objectives. However, they are potentially very appropriate to the 

range situation and the system of livestock husbandry in  the area. I t  i s  recornmended that 

the water development strategy for the Gambia Basin area incorporate two irnpor tan t 

aspects. T h e  first i s  lur'thcr investment in improvement of the ponds (to reduce 

infiltration and evaporation rates). The second is the organization of a water 

development committee i n  each pastoral unit who would be responsible for the use, 

improvement and maintenance of the ponds. 

The water development strategy for the Senegal Basin area must recognize the 

different constraints facing the area. I t  is recommended that ftclrther studies on 

alternative water-poin t schemes be done, especially on other wa ter-harvesting 

techniques. I t  is also recommended that a water develo?ment committee be organized i n  

each pastoral unit of the S ..legal Basin area. 

The efforts of the Project to date in controlling bush fires have not been very 

successful. I t  is recommended that the project should concentrate on attacking the 

causes of bush fires by continuing the Extension Program's antifire themes, and by 

devising appropriate ways to gather honey or hunt wild animals that would not require 

smoke. 

In  the meantirne, the extent of bush fires is so vast that even i f  the fire brigades 

wl-&$i&-e~?b ergadze& titer mttM not pitysicaity reach akk parts of t k  range in- rim= 

On the other hand, a more efficient system of firebreaks would probably contain most of 

the fires. However, more firebreaks wil l  be a solution only i f  a way i s  found to clean the 

lanes using local resources. The project should put some effort into designing an 

appropriate firebreak cleaning method. 



The commerciaiization prograrn, after ii very slow start, may be potentially useful in 

helping the people benefit from the sale of their livestock. This prograrn should 

concentrate its efforts in  the northern Ololdou Zonc so as to help destock the excess 

livestock from the area. It should also put a new emphasis on marketing small ruminants. 

'The veterinary services of the project have perhaps been too successful. In order to 

prevent an imbalance of livestock numbers and range resources in the immediate future, 

the project should concentrate rnore resources into improving rangelands. 

To date the supplemental feed program has shown that sorne people are willing to buy 

suppletnental feed for their animals. The project should emphasize the supplernentation 

of milking cows rather than all animals. In  addition the possibility of cooperating wi th  the 

SAEO Irrigated Nice Project in order to obtain rice crop residue should be conternplated. 

The project's social services prograrn has been active in testing, alnong other things, 

various appropriate technologies, the most promising of which are the biogas generators. 

The project should incorporate this technology into a larger researchlextension program. 

The extension services and the functional literacy program are one of the most 

important and successful prograrns of the project. Many of the proposals contained in this 

and other reports would not be feasible without such an extension ltbackbone." I t  is 

recommended that the services should be expanded, not only in  terms of the level of its 

staff and resources, but also in t e r m  of diversifying into other extension topics, such as 

herder education, rangeland hydrology, and new organizational/rnanagerial concepts. 

The pastoral units (UP) have the potential to be a useful institutional framework for 

the management of communal resources. However after three years they still exist only 

on paper. The project should radically change its existing program and adopt a rnore 

ac tive, field-oriented, institution-building strategy. It should emphasize rnore discussions 

with the people on the principles and praxis of the UPS, and should organize cornrnunsl 

work situations. Finally, the project should try to encourage the government to draft and 

implement the Rural Communities and Sylvo-Pastoral Codes which would provide the 

legal justification for the existence of the UPS. 

The main purpose of the Preliminary Range Management Plan (KMP) is to provide 

guidelines on the management of range resources by the people of the project area, with 

the immediate objectives of preventing (and controlling) rangeland degradation, and 
1- t h  w i t +  of. l iVpsw 

The KMP proposes a series of programs aimed at three different organizational 

levels. At the herderllivesbock owner level, the K M P  proposes a rnajor 

extension-education effort designed a t  encouraging an institution of permanent herding of 

livestock. The K M P  also proposds a 'lprofessional herder education course" that would 



extend the range research results, and would trnlr\ thc hardcrs to use the "early warning 

system" for evaiuabing the condition of the range. 

A t  the village level, the l iMP calls for the introduction of a I1herd s t r a t i f l c a t l ~ n ~ ~  plan 

that would divide the hbuseholdts cattle into an extensive "bush herdH which would remain 

permanently on the range, and an intensive "milk herdtt which would rernain per~nanently 

a t  the village. This partial destocklng of the areas around the village is expected to 

prevent further degradation, and improve the productivity of  the livestock. The KMP also 

calls for a program in revegetation of denuded areas at the village level. 

A t  t l ~ e  pastoral unit level, the l<kW calls for the organization of co~n~nunal work 

parties on cleaning firebreaks, reseeding some pastures with perennial grasses, and 

irnprovingllnaintaining water catchrnen t ponds through the Wa tcr Ueveloprnen t 

Comrni ttce. 

Thc KIL1Ps apparent simplicity stems irom the fact that i t  tries to take the 

traditional rnanagernent system one step further. The prograrns at each level (herder, 

village, IJP) can be implemented independently of each other, which suggests that the 

failure of one aspect of the plan does not necessarily jeopardize any other aspect. The 

task of the project should be one of being sensitive to people's reactions, and should take 

each step forward at i ts own pace. 



3. REPORT ON THE IlE!iEAItCC.t ACTIVITIES 

Wlwn tllc rarigc iniriiugcr arrivcxl on the project, thcrc was ir clivtirlct lack of 

systernutic ddtu 01'1 the rnngclands. Previous teclmicians liad corlccntrated on some 

reforcstation cxpcrirncnts or had looked at the rolc of trees i n  the rar~gclrtrids (Uickic, 

1982). Other teclinicians had looked at  tllc project over a very short t ime and had le f t  

rccotr~rncrida tioris tlla t, w l~e  tlrer rightly or wrongly, had not been followcd (Lcgas t, 1 Y8O; 

Frccrnan, 19111). Sti l l  otlicrs had le f t  the project without docurncnting their efforts. 

k' ithout a rniniinal arrlount of systcrnatic data, the range rnariagur could rial t~avc 

developed an appropriate l bnge  Management Plan for the area. l'licrefore the first year 

of tlic rangc ~nclilagcr's field stay eir~ptiasized rcsearcl~ on a l l  aspccts of tlic livestock ilrld 

rarigc crianagernerlt system. Sillce tile naturc of tllc research is long-tcrrn, the secorld year 

of the rarlgc manager's fieldwork involved a balancing of rescarch and experirncntation 

wit11 the need to irnpletrlcrit (on a pi lot scale) sorne of the rnore promising 

recorrlrnenda tior~s. 

'This chapter preients ci detailed ilccoun t of a l l  research/experirrlen ta tion activities. 

In  order to refra in Irorrl writ ing a lengthy book, the author assumes tllat rr~ost readers of 

this c l~aptcr  have sorne familiarity wit11 the fields of ecology, range rnanagerneiit and 

anirnal science. l'lw "conclusior~s and reconirnenda tions" after each section provides a 

summary of the sillieil t points of the research. 

'I'llc range resource inventory was aimed at identifying, locating and describing the 

resources existing i n  the rangelands of the project area. They include an inventory o f  

s~ i i s ,  vegetation, water resources, and agricultural land use. However, a l l  of these 

resources are affected to a great extent by the clirnate and geology of the area. The 
i 

following pages give a brief overview of these two aspects. 

3.1.1. Meteorolo~ical  Context 

Rainfall i n  the project zone is dependent to  a large extent on the seasonal movements 

of  the intertropical convergence zone. Most of the ra infa l l  occurs i n  June-October. I n  
r .  

J m w o c c a s r o r r a r d * * m m * - a - i r a e P r w  -- 

which dries immediately af ter  the sun reemerges. The I i rs t  "true" ra i r~s of the season are 

preceeded by 5-30 minutes of  strong northeasterly winds which rnay reach 1b i<rn!h, and 

which l i f t  and carry a tremendous amount of f ine sand and dust for 1-10 km. As a result 



thu winds ovor large axponsco of donrrdod aroas (such us Ihkol) are dustier than over 

lorestccl wass (such as Mbanlou). 

'rhc f irst ruins tend to bc hcevy but of short duration, which usuully results in  very 

high runoff rates (ospccially sirlcc the soll, coming out of the dry season, usually has l i t t le  

cover to protact it). In  good years, thc subsequent ralnfall events tnuy be 3-7 dilys aport. 

However, in 1YH3 and 1984 (the latter quelAfies as a "l>adfl year), the rains were few and 

far between. 

Table 3.1. providcs a sumrnary of rainfall events since 1980. Not only i o  there a high 

amount of variability betwoen years, but also between months. I n  addition, there i s  a high 

spatial variability in racorded rainfall. A study done by the project's hydrologist/enginaer 

showed that there is much difference in  recorded rainfall even alnong gauges that are 

500 rn apart (see Soils/ Water Engineering report). The distribution of rainfall over the 

season and the land may be' as important as the total quantity for the germination, growth 

and rnaturi ty of crops and pastures. 

TABLE 3.1. 

I<ECOKDED MONTHLY RAINFALL IN BAKEL PKUJECT ZONE 
1980- I984 (mm) 

bake1 
Uakel 
Uakel 
Uakel 
Uakel 

311 baniou 
Mbaniou 

Ndiya 
Toulekedi 

May June 

5.1 
1.5 
0 

78.2 
57.2 

- 

1 a03 
72.2 

July 

85.0 
152.5 
179.0 
9 7.6 
33.5 

- - 
52.0 
84.2 

A ug. Sep t. Total 

SOURCE: Bake1 n~eteorological station and survey data. 

With the end of the rains, the winds change direction and are frequently from the 
-- - - -- - 

southwest. The "winter" season starts 6 - ~ovember/December and lasts- u n t i l  

February/March. During this time there are cold, dry winds generally from the southwest 

which rnay lower the ambient temperature down to an average of 25°C. But gradually this 

winter i s  replaced by a hot and dry period, once again with northeasterly winds and 'an 



ambient avcrtlga tornpariLture of 36°C. Dust storrns clro vary fraquorrt ur tldtl tirna, wt~ich 

rntry bltrnket tho area for 3-11 contlnuoua days, 

3.1.2. Gcelo~ici i l  Con tax t 

The most lrnportont feuture of tho project zone i s  tho distinct diffcrcrlccs in soils, 

vegetation, und water that exists between tile Cambia River and tho Senegal It ivcr 

watersheds. Tho two basins are dlflerentihted by an llcscarprr~cntll lirlc that runs roughly 

north-south, dividing the project zone in  haif. This escarpment does not excemd 70 171 In 

height, yet it exerts a profot~nd influence on tlv, ecology of the area. 

According to Feller (ORS'I'OM, 1975) the Gambia River t3asin i s  part of  the 

continental terrninill and i s  characterized by a mottled and clayey, sedimentary rock 

(&). This is covered by a 1-4 rneter layer of ironstone (curosse ferrugineuse), The soils 

forrned from this ironstone tend to be shallow, acidic and loamy. 

The Senegal River Basin, on the other hand, has seen a gradual erosion of the 

continental terminal by the river and its tributaries (especially the Palamb), so that in  

many areas the bedrock is exposed. The bedrock consists of folded quartz and schist 

formations. The soils forrned from this bedrock tend to bc deep and loarny but with a 

higher percentage of kaolinic clays, Along the eastern edge of the c~nt inenta l  terminal 

over the quartz/schist-derived soils, i s  a sandy area of about 1-2 km in  width, which i s  a 

result of the gradual erosion of the continental termizl!. 

3.1.3. Soil-Vege tation Classification 

The range resource inventory was based on field observations of a total of 36 sample 

sites in the project area over a two-year period. A subsequent rnanual interpretation of 

aerial photos ( B h W ,  1:5Q,000; OhIVS, February 1980) allowed the classification of the 

entire project area into 11 distinct vegetation types. 

According to the UNESCO Vegetation Classification (White, 1983), the entire project 

area falls within the main physiognornic type labelled "Sudanian .Regional Center of 

Endemism." However, the project area occupies the northern portion of this Sudanian 

iiegion and i n  some cases has features similar to the southern "Sahelian Regional 

Transition Zone." 

Many different cri teria can be used to classify the vegetation types i n  the project 
- K  A L -  L - 

* variations i n  the plant community covering areas of less than half hectare 
are not easily distinguishable on the aerial photos; 



the composl tlon of the nnriual herbaceous comrnl~nlty shows substan tlal 
variation from year' to year, depending on the arrrourlt of rainllall arid Its 
c'lstribution tllrouglh tha rlrlny soason, but there is a certain stability in  
the vegetation colnposltion whon the mapping uriitv are based on ii soil 
classification; 

- 

the variations in the woody cornrnuriity correlates more with soil typo in  
the long run, than with variations in rainfall, incidence of flre, or grazing. 

Therefore, it was dccldud that the vegetation types would bc linked to soil types, and 

all would be cornbined into one single rnap. As a result, the soil-vegetation map shows a 

general, longer-ter~n inventory of resources, one that can bc used over Inany years. It can 

also be used for monitoring long-term changes in the vegetatlon of the zone. 

According to VJhite (1983) the clirnax vegetation of areas receiving 250-500 rnrrl 

annual rainfall is wooded grassland. Areas in the fiOfi-900 mln isohyet are considered to be 

woodland to dry forest in their clirnax state. Without long-ter~n ~nonitoring efforts i t  is 

lrnpossible to verify these assertions in the Dllkel project area. Even though there are 

areas within the project zone that may never have been grazed or exploited by people, 

alrnost all the areas have been burnt at  one poinl or other. Therefare the vegetation is a 

secondary (derived) cornmunity, or a t  best it reflects what solne authors refer to'as a "fire 

clirnax" community. 

The soil-vegetation rnap is similar to a range condition map irr so far as it treats 

denuded/degraded lacrds as a separate classification. However, all ctner rarlge classes in 

the map are averages of low to moderate to highly used areas. 

Agricultural land use is also i~cluded in the soil-vegetation map. This classification 

reflects lands that currently are being ccltiS4ated, or have been cultivated in the past 5-8 

years and are now fallow. Unfortunately, it was not possible to distinguish fallow from 

nonfallow land even on 1:10,009 scale U&W photos. 

I n  the ,last four years, the atdrninistrative boundaries of the general project area have 

changed twice, and that of the three project zones three times, and they will all 

undoubtedly change a t  least once more. Therefore it seems more appropriate that the 

vegetation classification should follow the more constant geographical boundaries of 

watersheds. However, the classification, by necessity, also follows the overall boundary 

of the project ?rea as  established by the Commission for Development of Pastoral Units in 

1984. Table 3.2. provides a summary of the vegetation classification by reporting the 
- -- 

estimated-Tand areas unactr each range-type. ,i dTsfi71cBon Ts made-between €lie range 
types in the Cambia River Basin as opposed to the Senegal River Basin. 



TABLE 3.2. 

LAN[) SU1<t7ACES I N  EACX R A N G E  TYPC, 1983 

Range Type 

Ironstone P: ~ t c a u  

Floodplain 

l i  ipariarl 

Swatlrp 

Id ill 

Foo tllill 

Degraded 

Water 

Agriculture 

Total 

.- 

Senegal Uasirl 

0 

69.8 

0 

0 

0.2 

9.3 

16.7 

'I' 

4.0 

SOU I(CE: Survey data. 

The vegetation corn~nuni-l :r on either side 2f the escarpment line are significantly 

different from each other. Figures 3.1 and 3.2 provide a diagram of typical cross sections 

through these two areas, 

The methodology used for the herbaceous and woody plant inventory consists of a 

stratified site selection procedure (stratified according to range type and level of use). 

There are a total of 36 sites distributed in  the project zone. The exact location of these 

sites are given in the base map (Appendix FI.). Within each site, the woody stratum is 

measured using the Point-Center Quarter method (PCQ), and the herbaceous stratum is 

measured using a frequency-biomass method. In the PCQ technique, there are 20 points 

per site. The importance value for each species is a sum of its relative density and 

relative frequency and relative dominance. For the herbaceous vegetation an open relevk 

was used to choose the size of the plot for both the frequency and the biomass measures. 
2 The final choice fell upon a 0.5 m (circular) plot. There are 10 biomass plots and 30 

pb&w &+ 

'The main vegetation types used in this report follow the guidelines established by the 

UNESCO Classification System (White, 1983: 39-55). However, apart from the main 







characteristics of a range type, there are also two regular rriicrovoriations in the floristic 

compositio~: of the range types which are too small 20 be detected by aerial photos, but 

which are quite visible on the ground. Thc first rnicrovariation occurs on te r~n i te  

maunds. On these mounds there is a dominance of Grewia bicolor, Cadaba farinosa, 

Peretia apondanthera and IJoscia senegalensis in the shrub layer, and Aristida adscensio- 

nis, Dactyloctenium aeplyptium and Microchloa indica i n  the herbaceous layer. Each - 
2 rnound may cover a 0.5-10 m area. Small terrnite mounds do not support any vegetation 

and arc not visible on aerial photos. However, large rnounds do support vegetation and 

they were visible on the aerial photos for 6 out of the i I range types. From these photos 

i t  was estimated that on the average there are between 0.2 and 7.2 large termite mounds 

per hectare, depending on the range type. Microvariations in the vcgetaticln co~nposition 

caused by terrnite mounds are very widespread in  the Sahel prompting sorrle authors to 

coin the word "terrni te rnound mosaic or thicket" (White, 1983). Section 3.2.1.1, of this 

report tries to provide an assessment of the role of termites and their utilization of the 

rangelands. 

The second microvariation occurs wherever there are two or Inore grouped trees or 

bushes. This grouping allows a "rnicroclimate" that is shaded from the harsh sun, i s  less 

subject to drying winds and probably has more organic matter i n  the soil (because of fallen 

leaves, dead roots, etc.). There was a very high correlation between these rnicroclirnates 

and the occurrence of some herbaceous species (Pennisetum pedicellatum, Setaria 

pallidifusca and various species of the Cornpositae family), suggesting that these species 

are Inore sensitive to dryness and are probably less able to withstand competition in  the 

open grasslands. 

 he project area as a whole can be said to be a wooded grassland (range types 

ironstone plateau, floodplains and foothills). However, there are other formations o f  

smaller geographical extent such as edaphic grasslands, riparian co~nrnunities, hil ly 

bushlands and swamplands. Map F2. provides a detailed illustration of a l l  range types, 

Table 3.3. provides a summary of the main characteristics of each range type. The 

"vegetation typetg follows the UNESCO classification system. The %oil texture" is derived 

from the soil analysis i n  Appendix A. The "termite mound density" has been estirnated by 

countitig the number of  terrnite mounds visible on 1: 10,000 B&W aerial photos. 

The "tree and shrubt1 vegetation reflects the results of the PCQ method. tispecies 

richncssl1 refers to the number of different species present. The "tree and shrub densityt1 

reflects the number of individual plants larger than lcrn in  basal diameter, per hectare. 

The "species composition19s based on the importance v a l ~ e  with "I" being the highest 



RAN GIJ 'I'Y kJE W 0 E :  -. Ironstone Plateaub VEGETA I'ION 'I'Y lJE: Wooded grassland 

Percent of Project Area: Gambia River Uasin - 6 1.2% 

Senegal River basin - 0 76 
'I'otal 32.9 % - 

soil 'Texture: tiorizon - A gravelly sandy loam Soil Profiles No. 1,10,11 
G ironstone - 

General Slope o f  'Serrair~ 0.3% l'errni te rnourid density 7.23 per Iicc tare 

l 'otal I'ree and Sllrub IJens~ty 379.83 per hectare Species Kichness - 18 

Species Cornposition: Importance Value Itank 1 Cui sen 
2 Corn glut - 
3 Aca rnac - 
4- t i r e  bic - 
5 Corn nig - 

Sept. 1983 May 1984 Sept. 1'384 

Species ii ichness 

Species Cornposition: Ranked Frequency 1 And pseu 

4 - Uor rad 
5 - Pan heud 

b i t 1  hag 
And pseu 
El i  ele 
Aes schi 
Tep brac 

Community Biomass: Standing biomass 
(kg/ ha) Herb l i t t e r  

Woody l i t t e r  
Total biornass 
% change i n  tota l  

biomass from 09/83 

NOTES: asignificant difference at  0.05 level. 

bPreviously referred to as llLateritell or "Nyargo." 



TABLE 3.3. (con't.) 

RANGE 1'YPE COlX: Floodplain (C.ilb VEtiE'TA7101~ 1'Y PE: Wooded grassIan4 

Percent of Project Area: Carnbia River Basin - 21.5 % 

Senegal liiver Uasin - 0% 

Total - 11.53% 

Soil Texture: Iiorizon - A sandy !oam Soil Profiles No. 2,6,7,8,9 
IJ sandy clay loam - 
C sandy clay loam - - 

General Slope of  'Terrain 0.3 % Terlni te mound dcnsi ty 2.5 1 per Iwc tare 

T K E E  ANU StiRUU VEtiE'fATION (1983) 

'I'otal l'ree and Shrub Density 392.45 per I~ectarr: Species I< ichness 

Species Composition: lrnportar~ce Value Rank 1 Corn glut 
2 Gui sen - 
3 Pter luc - 
4 Gre bic - 
5 Ster set - 

I-1EIIbACEOUS VEGETA'TION 

Sept. 1983 

Species l i  ichness 55 - 
Species Cornposi tion: Ranked Frequency Lou tog 

Bor rad 
Dih hag 
Aes schi 
And pseu 

Community Biomass: Standing biomass 1884.9 
(kgha)  Herb litter 

Woody litter 
Total biomass 1884.9 
% change in total 

biomass from 09/83 

May 1984 Sept. 1984 

4 3 

Lou tox 
:\es schi 
Dih hag 
And pseu 
Eli ele 

NOTES: asignificant . - difference a t  0.05 level. 

b~reviously referred to as "Valley." 



ItANGII, TYPE CODE: F1,oodplain (sib VEGE T'A'I'ION TYPE: - Woodcd j:rassland 
Perccnt of Project Area: Gambia 12iver Dash - OX 

Senegal River basin - 69.8% 

Total 32.3% - 
A sandy loam Soil Texture: Horizon - - Soil Profiles No. 18 - 
13 loam - 
C clay loam - - 

ticncral Slope of 'I'errain 0-2 '6 'I'er~nite mound density 0.99 per hcc tare 

To:?\ l'rce and Shrub Density 424.25 per hectare Species liichness 3 
Species Composition: 1 rnpor tance Value Rank - I Aca scyal 

2 Fer apon - 
3 Corn rnic - 
4 Corn glut - 
,5 Ual aeg - 

IiEI<UACEOIJS VEGETATION 

Sept. 1983 May1984 Sept. 1981 

Species liichness 42 - 4 2 

Species Composition: Ranked Frequency - 1 And pseu 
2 - Sch gra 
3 - Dih hag 
4 - Aes schi 
5 - Uor rad - 

Aes schi 
And pseu 
Pan lae 
Zor glo 
Uor stac 

Community Uiornass: Standing biomass 
(kglha) Herb litter 

Woody litter 
Total biomass 
% change in total 

biomass from 09/83 -74.9 -3 1 .3a - 
NOTES: aSignificant difference at  0.05 level. 



KANCE TY P C  LODE: Ikl(racted f loodplaind VEGCI'A I'ION TYPE: I3egratlec.l j4rassIaA 

Percent of Project Area: Garn bia It i ver basin - 2.5 'X 

Senegal River Dasin -. 0 % 
Total 1.3876 - 

Sept. I V Y 3  

Species liichness - 29 

Species Cornposi tion: Ranked Frequency 1 Zor glo 
2 - rllic ind 
3 - Dac aeg 
4 - Era lin 
5 - Pan lae 

Community Biomass: '35 Plots denuded - 38 
(kg/ha) Standing biomass in 

nondenuded &/rn2) 21.6 
Total biomass (kglha) 133.d 
8 change in total 

Soil Texture: tiorizon A sand , 1 loam 
A 2  s ~ l t  loarn - 

Soil Profiles No. 3,4,5 

U loam - 
C clay loarn - 

General Siope of l'errain 0-3 'Y ,  Termite mound density - C-per k c  tare 

'I'LtE13 AN13 St IKUH VEGti'I'A'I'ION (1983) 

Total Tree arid Shrub Ilensity 49.25 per hectare Species Richness - I5 

Species c'ornposi tion: 1 rnpor tance Value IZank - I Ster set 
2 tire bic - 
3 tiui sen - 
4 Pter luc - 
5 Uos sen - p-. 

May 1984 Sept. l9Y4 

Zor glo 
~ivlic ind 
Dac aeg 
Era lin 
Sch gra 

biomass from 09/83 - - 100a - -36.6b 

NOTES: a~ignificant difference a t  0.05 lwel. 

b ~ o t  significant difference. 

 or visible on aerial photos. 

d~reviously referred to as I1Degradedt9 or tlSeno.t' 



Percent of Project Area: Gambia River Basin 0 X - 
Senegal River basin - 16.7 % 

Total 7.74 % - 
Soil 'I'cxturc: Horizon - A sandy loam 

13 sandy loam - 
C clay loam - 

Soil Profiles No. - I7 

General Slopc of Terrain - 0-3 % 'Tcrrnite rnouttd density L p e r  hectare 

TKE13 A N D  SI-lRUI3 VEGE'I'A'TIUN (1983) 

Total Tree and Shrub I3ensity 45.04 per hectare Species IRichness - 10 

Species Cornpositior~: Importance Value Rank - 1 tlal aeg 
2 Gui sen - 
3 Aca Sen - 
4 Aca seyal - 
5 Ziz rnau - 

Species Cornposi tion 

Sept. 1983 

Species Richness - 12 

I: Ranked Frequency - I klic ind M i c  ind 
2 - Spo fes 
3 - Gas Tor 
4 

-r+ Sid stip 
3 - Zor glc 

Cctrmunity Biomass: % Plots denuded - 3 0 
(kg/ ha) Standing biomass in 

nondenuded (g/rn2) 98.6 
Total bicrnass (kg/ha) 690.4 
% change in total 

biomass from 09/83 

tlyb thes 
Zor glo 
tlel stri 
Cas Tor 

NO'I'ES: aSignificant difference a t  0.05 level. 

b ~ o t  visible on aerial photos. 



TABLE 3.3. (con't.) 

- 

t i  Y P I :  I l i l l b  VEGE'TATION 'SY PC: Woodcd bushla~ltl on hills 
and rock outcrop 

Percent of Project Area: Gambia Kivcr  Uasin - 0 % 

Senegal River basin 0.2 % - 
Total - 0.08% 

A stony sandy loam Soil Texture: Horizon - Soil Profiles No. nonc 
l< schist or quartz - -. - - 

Gcneral Slope of Terrain 15-110% 'I'errni te rr~ourid dcnsi t y I .O per lwc tare 

T H E E  AN13 StilIlJU VEGETATION (1983) 

l 'otal Tree and Shrub Density 368.4 per hectare Species I< ichness 

Species Cornposi tion: Importance Value Rank 1 Aca tnac 
2 Corn glut - 
3 Corn nig - 
4 Cotn geit - 
5 Corn rnic - 

- - 

t 1ERLIACEOUS VEGETATION 

Sept. 1983 May1984 Sept.19154 

Species I?. ichness - 4 7 - 40 

Species Cornposition: Kanked Frequency Pan lae 
2 - And chev 
3 - Pan heud 
4 - Schi nod 

Pan lae 
Pan heud 
Er i  abys 
Cleo vis 
Ind dend 

Community t3iomass: Standing biomass 1834.1 95.3 634.2 
(kg/ha) Herb l i t te r  -- 33 3.0 

'Woody l i t t e r  303.8 
Total biomass 1834.1 428.3 634.2 
% change i n  total 

biomass from 09/83 - -76.6' - -6 5.qa 

NOTES: aSignificarlt difference at  0.05 level. 

bPreviously referred to as llColline.ll 



Soil 'I'cx turc: I lorizori - A loarriy SLIIKI Soil Prof i lcs No. IIr,15, I6,20 
13 sandy loilrri - 
C saridy clay loam - - 

1 Lorri glut Specics Lorriposition: lrriportilncc Valuc Rank - 
2 t i u i  sen - 
3 Lan acid - 
4 Cre bic - 
5 Ster set - - - 

t1EliL)ACEc)US VEtiE I'A I ION 

Sept. IY83 ,L!ay 1984 Sept. lY84 

Species Richness 

Species ~ornpos i  t ion: Ikuiked Frequency 1 
2 - 
3 - 
4 - 
5 - 

Community Uiornass: Standing biomass 
(kg/ha) Herb l i t t e r  

Wcody l i t te r  
Total biomass 
"o change i n  total 

biomass from 09/83 

Scti grn 
Zor glo - 
Ar i  ads 
Mer pin 
Spo fes 

A r i  ads 
Lor glo 
Spo fes 
Uac aeg 
Sch Era 

a NOTES: Significant difference at  0.05 level. 

b~oo t l i i l l s  refer to two geographical spaces: one is the area immediately to the 
east of the continental shelf; the other is the area between hills and f loodplair 
on the Senegal Llasin (which is too small to snow up on the map). Previousl) 
referred to  as "Escarpment." 



A sarldy loam 3oil'I'cxturc: t lorizon - - Soil Profiles No. Ij." 
13 si lt loarn 
I.. 

C ? - I_U - 
,;crwrdi Slope of I'crrain 0-3 !& l 'crrni te rr~ourid dclisity 0 pcr Ilcc tcrre 

I'otal 'I'ree and Shrub Uensity 567.25 per hectare Species ICichness 20 
species Co~nposi tion: l~npor  tance Value I b n k  Corn plut 

2 Scle bir - 
3 Ada dig - 
4 Pter er in - 
5 Corn mic - 

Sept. 1983 

Species Richness 7 6 - 
Species Cornposition: Ranked Frequency 1 Pen ped 

2 - I3ac ham 

May 14d4 Sept, I Y Y 4  

Pen ped 
Pan lae 
t3or rad 
bra dist 
Tep brac 

Uor rad 
Uor s tac 
T r i  pent 

Zommunity Biomass: Standing biomass 3242.11 
(kg/ ha) Herb l i t te r  

Woody l i t te r  
Total biomass 3242.8 
% change i n  tota l  

biomass from 09/83 

b~trearnbeds i n  the Cambia Basin normally have a width of 10-100m. The 
slopes of the bed are gradual, and the water flow is relatively slower, therefore 
plants can establish in  the bed. Previw,sly referred to as "Kiver," 



Soil I'cxturc: tlorizori - A sandy loam 
13 sandy l oo r r~ -  -- I - 

Gerwrdl Slope of Terrain 0-2 X 'I'cr~ni te rric~~md density ( )  per 11cc tare 

l 'otal l 'rec and Shrub Density ? per Iwctare Species ICicliness '.' - 
Species Cornposition: l~npor  tar~ce Value I < i ~ i c  - I V i l  re t  

2 Aca ni l  - 
3 Aca seyal - 
4 Aca Sen - 
5 Com lnic - 

Sept. I V Y 3  

Species liictiness 0 m 

Species Cornposi tion: Ranked Frequency 1 - 

Cornrnunity Uiornass: Standing biomass - 
(kg/ha) Herb l i t ter  

Woody l i t te r  
Total biomass 0 - 
% change in total 

biomass from 09/83 

May 1984 Scpt. 1!%4 

NOTE: =Streambeds i n  the Senegal Basin are relatively narrow ( 1  -20m) with ljteep 
s i q m ,  Em rnavtng m r .  ftrere mrmafty are a f e w  trees O n  me upper 
edges of the slopes, but there is hardly any herbaceous community. 



TAULE 3.3. (corrlt.) 

SUh.lh.1Al< Y OF KANGE ICESOU KCES 1983-1984 

;ZANC;E 'I'Y PE W O E :  Open w a t e r a  VEGETATION TYPE: -- Herbaceous  fresh-water 
aqua t ic  swamp 

Percen t  of P ro jec t  Area: Gambia  River  Basin - 5.6 % 

Senegal River  Basin - T % 
Total  - 3.02% 

joil Texture:  t io r i ton  - A clay Soil Profi les No. 2 1 
c lay  - 

C ?  

- 
S c n c r a l  Slope of Terra in  - 0 % T e r m i t e  rriound density - O per h e c t a r e  

TICEE AN11 SHRUB VEGETA1'ION (1983) 

e'otal T r e e  and Shrub IJensity O per  h e c t a r e  Species Richness -0- 

Species Composition: l ~ n p o r t a n c e  Value Rank 1 
9 

Species  Richness 

Spec ies Composition: Ranked Frequency 1 
-, 

Sept. 1983 

Bra dist  
H y g  sen 
Uul barb 
Ory b rac  
Bra s t ip  

Community  Biomass: Standing biornass - 
(kg/ha) Herb l i t ter  

Woody l i t t e r  
Tota l  biomass - ? 
% change in to ta l  

biomass f rom 09/83 

May 1984 

- 

Sept. 1984 

Aes tarnb 
Cyp  l r ia  
t iyg sen 
Fim exi  
Bra s t i p  

NOTE: aPreviously re fe r red  t o  as 'I W ater." 



TABLE 3.3. (conlt.) 

SUMMARY OF RANGE RESOURCES 1983-1984 --- 
RANGE T Y PI2 CODE: swampd VEGETATION TYPE: Edafic grassland on temporary 

-, 
water1,ogved depression with -- 
scattered tree rnozaic - 

Percent of Project Area: Cambia River Basin 8.4 95 - 
Senegal River Bash - 0 % 

Total 4.54 % - 
Soil Texture: Horizon A clay loam 

I3 ironstone - 
Soil Profiles No. 12 - 

General Slope ol" Terrain 0 % Termite rnound density C per hectare 
1 

TREE AND SliKUH VEGETA'I'ION (1983) 

Total Tree and Shrub Density 90.53 per hectare ' Species liichness 24 - 
Species Cornposition: Importance Value Rank 1 Corn glut 

2 Com nig - 
3 Ada dig - 
4 Gre bic 
--7 

5 Cui sen - 

Species Co!zposition: Ranked Frequency 1 
-, 

Community Biomass: Standing biomass 
(kg/ha) Herb l i t ter  

Woody l i t ter  
Total biomass 
% chanxe i n  -total 

biomass from 09/83 

Species Richness 

Sept. 1983 

52 

HEKUAZEOUS VEGETATION 

Lou tog 
And pseu 
Mic ind 
tie1 str i  
Dih hag 

May I984 

0 a 

Sept. 1 W  

Lou tog 
ivlic ind 
Dac aeR 
Dih hag 
He1 str i  

NOTES: a~l l  sites burnt. 

b ~ o t  significant difference. 

' ~ o t  visible on aerial photos. 
d 

Previously referred to  as 'IDepressionl1 or u~Mushroomland." 
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TABLE 3.3. (contt.) 

SUMMARY OF KANGE KESOUKCES 1983-1984 

Cul t iva ted  
RANGE 'TYPE CODE: & fallow fields VEGETATION TYPE: Anthropic shrubland - 

P e r c e n t  of Pro jec t  Area: C a m b i a  Xiver Basin - 0.5 % 

Senega.1 River bas in  - 4.0 % 

Tota l  2.1 % - 
Soil Texture: Horizon - P, sandy loam Soil Prof i les  No. 6,7 

8 sandy c lay loam - 
C sandy c lay loam - 

Genera l  Slope of Terrain 0-3 % Terrnite mound density - 2.5 pe r  lice tart: 

Tota l  Tree  and Shrub Density ? per  h e c t a r e  Species  I<ichness - ? 

Spec ies  Composition: Impor tance  Value Rank - I -,, Corn glut  
2 G;li sen - 
3 - 
4 - 
G 

HEKUACEOUS VEGETATION 

Sept. I Y83 

Species  l i iclmess - ? 

Species  Composition: Ranked Frequency .- 1 
2 - 

Cornmuni ty Biornass: Standing biomass 
(kg/ha) Herb  l i t t e r  

Woody l i t t e r  

P e n  ped 
Cas Tor 

Scpt. 1984 



rank, and excludes r a r e  species, The plant 's  n a m e  is abbrevia ted t o  t h e  f i r s t  t h r e e  l e t t e r s  

of t h e  genus  and t h e  f i rs t  th ree  l e t t e r s  of t h e  species. A full list of t h e  plants  c a n  be 

found in Appendix C. 

The l lherbaceous vegetation1' r e f l e c t s  d a t a  f rom the '  frequency and biomass methods. 

"species composit ionu is based on a ranking 02 r e la t ive  frequencies. T h e  "community 

biornassI1 is  described by t h e  dry m a t t e r  weight of the  herbaceous plants  exist ing at any  

o n e  point in time. "Standing biomass11 r e f e r s  t o  d ry  m a t t e r  t h a t  i s  rooted. "Herbaceous 

litter1' r e f e r s  t o  fal len f ragments  of stems, leaves, e tc .  and "woody l i t ter" r e f e r s  to  fallen 

t r e e  leaves, f ru i t s  and  flowers. This l i t t e r  is a n  important  p a r t  of t h e  to ta l  community  

biotnass in  the  d ry  season, and is  very much exploi ted by livestock. 

3.1.4. Conclusions and Recommendat ions  

The natural  resources  within t h e  p ro jec t  zone a r e  very much inf luenced by t h e  

geological f e a t u r e  of t h e  cont inenta l  shelf. This shelf divides t h e  a r e a  in to  two very 

separa te  areas,  e a c h  with i t s  own d i s t inc t  soil, vegeta t ion and geological format ions  and 

potentials. These  di f ferences  necess i t a te  slightly di f ferent  development  strategies.  

The range inventory is  a useful tool for  overall  resource planning. This par t icular  

inventory was a lso  designed in order  t o  al low long-term ecological monitoring. The PCQ 

and frequency-biomass methods a r e  fas t  and easy, and require very few tools, none of 

which a r e  sophisticated. Given t h e  problerns of environmental  degradation,  t o  be 

discussed in t h e  following sections,  t h e  a u t h o r  strongly recornrnends t h a t  t h e  project  (o r  

o t h e r  research insti tution) in i t i a te  a long-term e c o l ~ g i c a l  monitoring program t h a t  would 

allow a yearly collection of d a t a  f rom t h e  inventory sites. I t  is recommended t h a t  t h e  

woody s t r a t a  be  moni tored a t  least  every f ive  years, and t h a t  t h e  herbaceous  s t r a t a  (and 

rainfall) b e  monitored every  year. 

Finally, t h e  f a c t  t h a t  t h e  herbaceous  community  i s  a n  annual one necess i ta tes  a 

t remendous amount  o f  flexibility in planning t h e  use  of t h e  range. Yearly inventories a r e  

not useful  planning tools, nor a r e  s t a t i c  ca lcula t ions  of I1carrying capacities." What is 

required i s  a flexible sys tem based on a yearly evaluation of t h e  range  conditions. This 

point  is f u r t h e r  e laborated in t h e  Range  Management  Plan. 

The  previous sect ions  dea l t  with t h e  description of t h e  exist ing soils  and vegeta t ion in  

t h e  project  zone. However, a n  evaluation of these  resources cannot  be m a d e  unless we 

know how t h e  rangelands a r e  being utilized. This sect ion discusses t h e  p a t t e r n s  of range 



uti l ization by l ivestock and  people. Unfortunately t h e  au thor  did not  have enough t i m e  t o  

study t h e  role of wildlife. However, a s  fa r  as t h e  C a m b i a  Basin is  considered, t h e  OMVG 

Research  Tearn has  done a n  extensive  survey of t h e  wildlife in t h e  project  a r e a  in 1983-84 

(Universi ty of Michigan, C a m b i a  River  Basin 5 tudies, forthcoming reports). In addition, 

t h e  socioecono~nis t  rnade a record  of t h e  birds and marnmals sighted in t h e  project  zone 

( s e e  Appendix B.). 

3.2.1. Use by Livestock 

This sect ion will deal  with both t h e  larger, seasonal movements  of l ivestock in t h e  

p ro jec t  zone, a s  well as t h e  smal ler  daily grazing patterns.  

3.2.1.1. Seasonal l ivestock movcrnents 

In t h e  wet  season, a l l  p ro jec t  livestock tend t o  remain c lose  t o  their  villages of 

origin. However, in t h e  d ry  season, t h e  location of t h e  l ivestock depends primarily on t h e  

availabil i ty of water,  but  a l s o  o n  t h e  spread of bush fires. If t h e r e  i s  not enough wate r  in 

t h e  village well, o r  if a f i r e  has  devas ta ted  t h e  pas tures  for  hectares ,  then t h e  c a t t l e  a r e  

s e n t  c l f ,  e i t h e r  on a long o r  on a shor t  transhumance. The  long t ranshumance normally 

s t a r t s  in  December  (ie., a f t e r  t h e  harvest). The  tradit ional  pas tures  used for these  

long-term carnps w e r e  a long t h e  F?alam6, t o  t h e  e a s t  of t h e  project. However, t h e  

inc rease  in grazing pressure  over  t h e  years  has  gradually degraded these  areas.  T h e  c a t t l e  

a r e  now forced t o  t r ave l  fu r the r  south along t h e  Falarn6 River and even as far  as Kenieba 

in  t h e  Republic of Mali. 

The  shor t  t ranshumance is  usually in response t o  a shor tage  of wate r  for  t h e  last  3-4 

months  of t h e  dry season. In th i s  case, t h e  c a t t l e  will be  taken t o  t h e  neares t  village wi th  

a good supply of wa te r  and  pastures. In most  cases t h e  c a t t l e  a r e  then en t rus ted  to a 

re la t ive  in t h a t  village who will herd t h e m  with  his own ca t t l e .  If t h e r e  a r e  no relat ives,  

then  a herder  i s  hired fo r  t h e  job. Small ruminants  a n d  o t h e r  l ivestock a r e  l e f t  in t h e  

vil lage of origin year-round s ince  they consume re la t ively  less wa te r  than  t h e  c a t t l e  herd, 

a n d  they  a r e  primarily browsers who c a n  normally f ind s o m e  fo rage  e v e n  in burnt  pastures. 

Apar t  f rom project  livestock, t h e  only o t h e r  l ivestock t h a t  use t h e  project  zone a r e  

owned by t h e  nomadic Peul. T h e r e  a r e  two  groups o f  Peuls, o n e  f rom nor thern Senegal  
-- - 

(ItFerloM) and t h e  o t h e r  f r o m  Mauritania. These  l ives tock  a r e  usually accompanied by a 

herder  a n d  a small  r e t inue  of people. However, in bad years  when c rops  fai l  in t h e  north, 

m o r e  members  of t h e  ex tended  family  as well as o t h e r  l ivestock (camels,  smal l  ruminants,  

donkeys) will accompany t h e  herd. 

The nomads use t h e  p ro jec t  zone in two  d i s t inc t  period: t h e  f i r s t  in 

November/Decernber when they  rnove south t o  t h e  Kedougou a r e a  for t h e  d ry  season, a n d  

t h e  second in JuneIJuly  when they are re turning up north. Their  m o v r n e n t s  a r e  ve ry  



I t ightly linked t o  the  rainfall  p a t t e r n s  and  c a n  be cal led  t'opportunistic." However, in 

general ,  i t  appears  t h a t  they use t h e  western p a r t  of t h e  project  a r e a  only as a temporary I 
s t e p  in thei r  long migration. In 1983, a t o t a l  of e ight  herds were  camped  in t h e  Gambia  

Basin for a n  average  s t a y  of 1.5 months  in JuneIJuly. In NovemberIDecember  o f  t h a t  

yea r  t h e r e  were  only f ive  carnps who s tayed for 3-4 weeks. Although a few carnps may  

have been missed in t h e  counting, nevertheless, i t  i s  c l e a r  t h a t  t h e  magnitude of 

t ranshumance in the  Gambia  Basin is  much lower than was  previously es t imated.  

However, in t h e  Senegal Basin, because  of t h e  f a c t  t h a t  t h e r e  is a r iver  t h a t  is f reely  used 

by all,  t h e  number of nomads is  probably much grea te r ,  but e x a c t  f igures a r e  very hard t o  

c o m e  by. 

The nornadic Peul a r e  seen  a s  a probiern in the  project  zone. Government  off ic ia ls  

s e e  in them t h e  e p i t o m e  of lawlessness and lack of control. P ro jec t  personnel see t h e  

technical  problems associa ted with overgrazing and spread of livestock disease and 

epidemics. I t  i s  no t  surprising, therefore,  t h a t  t h e  Peul tend t o  avoid government  o f f i c ia l s  

o r  questions. When confronted,  t h e  people will b lame bush fires, dead kobas and any o ther  - 
illegal ac t ion  on the  nomads. However, t h e  people v d u e  thei r  association with t h e  

nomads. They benefit  from t h e  manure  l e f t  by t h e  nomadic herds  on their  fields, and have  

t h e  opportunity t o  buy thei r  Zebu cows  who a r e  known t o  have a higher milk production. 

T h e  movements  of t h e  nornadic Peuls, just like t h e  in te rna l  rnovernents of t h e  

project 's  l ivestock population, is a m a t t e r  of necessity. Staying in a place  with no wate r  

o r  fo rage  is t h e  height of stupidity, and  forcing a people t o  d o  so, i s  inhuman. Therefore ,  

at  l eas t  for  t h e  short-term, qiven l i t t l e  change  in existing conditions, we have no cho ice  

but t o  to le ra te  the  nomadic I n o w n e n t s  in t h e  project  zone. But we c a n  also go  one s t e p  

beyond, and actual ly  incorporate  them in t h e  Range Management  Plan. This point will be 

e laborated in Chap te r  5. 

3.2.1.2. Use of Water-points 

The  use of rangelands and  pas tu res  in the  p ro jec t  zone depends  on various fac to rs  

such as t h e  availabil i ty of forage, t h e  re la t ive  palatabil i ty of species, seasonal var ia t ions  

in t h e  quant i ty  and quali ty of t h e  forage,  bush fires, and t h e  location of natura l  mineral  

"licks." 8 u t  t h e  mos t  impor tan t  f ac to r ,  especially in t h e  dry  season, i s  t h e  availability o f  
-- - - 

warer. h itre-rainy secs6ii w a t e r - i i - a r s o - b e c o i i e  a l imiting f a c t o r  because  dry spells  t h a t  

las t  longer t h a n  one  week will cause  t h e  smal ler  ponds t o  dry  up. 

Before  t h e  advent  of t h e  project ,  t h e  only sources of wa te r  f o r  l ivestock o r  people in 

t h e  dry  season were  village wells, c e a n e s  (hand-dug shallow wells in riverbeds) and a f e w  

natural  ponds t h a t  held w a t e r  until Novernber o r  December. This mean t  t h a t  a l l  of t h e  

l ivestock w e r e  concen t ra ted  in a 5 km-radius around t h e  villages. 



Since 1978 the Project has built 19 water catchment ponds i n  the Gambia 8asin area. 

The main purpose of these ponds was to allow access into distant pastures that previously 

could be used very lightly because of the lack of water. It was hoped that the ponds would 

thus relieve the pressure of f  the areas around the villages, eventually resulting in  

regeneration of degraded areas. 

Four of the ponds built by the project have been located less than one kilorneter from 

a village because of demands by the villagers. Unfortunately, these ponds do not respond 

to any range management principles, and have contradicted the objectives of the project 

since they have tended to attract more livestock from outside the project zone to the 

already heavily used areas around the villages. The rest of the ponds are located 4 to 

12 krn from any village. 

'Three ponds in  1983 and a fourth in  1984 were chosen for intensive monitoring. 

Several graduates of the project's functional literacy program were hired to count the 

number of livestock and wildlife watering a t  these ponds, and to indicate which village the 

livestock belonged. Two of these ponds (11 10 and 16) are located next to villages, one pond 

(i12) is 4 km away, and the fourth is 7 km away from a village. Each pond was rnonitored 

for three consecutive days every two weeks. Table 3.4. provides an extrapolation of the 

data, indicating the estimated daily number of large and small ruminants drinking at the 

ponds. 

TAt3LE 3.4. 

AVERAGE NUMw7Y OF LIVES'TOCK VISITING PONOS PER DAY 
1983186 

Pond No. 

16 

Rainy Season Camp Season 

Sheep h Sheep h 
Catt le Goat 'Catt le Goat 

41 I 0 n.a. n.a. 

166 0 173 0 

7 7 0 7 6 0 

136 107 47 128 

I 
Dry Season 

Sheep 3c 
Cattle Goat 

n.a. n.a. 

0 1136 

147 0 

48 1 1 16 

SOURCE: Survey data. 

The study shows that i n  the rainy season (June-September) the ponds are used fairly 

heavily by cattle, while small ruminants tend to  rely more on small ponds or watering I 



t aken  away f rom t h e  village and permanent  c a m p s  a r e  s e t  up for o n e  month near  a source  

of water,  usually 3-6 krn away from t h e  village, in o rder  t o  p ro tec t  t h e  harvest  f r o m  t h e  

fields. During t h e  dry  season (December-May) t h e r e  is  a doubling of the  number of 

l ivestock using t h e  ponds. This  i s  primarily because  a l l  natura l  ponds have dr ied up, but 

a l so  because outsiders (e i the r  nonproject  neighbours, o r  nomads) have c o m e  t o  t h e  area.  

Tab le  3.5. shows t h e  re la t ive  ownership of t h e  l ivestock counted a t  t h e  ponds. 

T h e  d a t a  show t h a t  t h e  use of t h e  ponds by local  livestock is  primarily a function of 

t h e  dis tance to  t h e  village. I t  a lso  shows t h a t  t ranshumants  tend t o  use t h e  dis tant  ponds. 

Both findings a r e  not  surprising. Local l ivestock a r e  not  herded and re tu rn  to  t h e  village 

every night, the re fore  they  cannot  walk too far. T h e  nomadic herds a r e  herded and p r e f e r  

t o  use the  pas tures  surrounding t h e  dis tant  ponds. 

TABLE 3.5. 

PEKCENT COMPOSITION OF LIVESTOCK VISI'IING PONDS 
l3Y PLACE OF OKIGIN, 1983/ 1984 

Neares t  0 the r  Non- 
Type of Village Pro jec t  P ro jec t  

Pond No. Livestock t o  Pond Village Village Nornads Total  

1 c a t t l e  40 4 0 0 6 0  100% 

2 c a t t l e  94 3 0 3 100% 
sheep Jc g o a t  3 3 0 0 67 I00 X 

10 c a t t l e  8 1 19 0 0 100% 

16 c a t t l e  97 2 I 0 100% 
sheep & g o a t  LOO 0 0 0 100% 

SOURCE: Survey data. 

For  t h e  p ro jec t  zone  as a whole, t h e r e  h a s  been two major changes  as a resul t  of 

ponds. The  f i rs t  is t h a t  t h e  villages t h a t  are 6-12 krn f rom any pond have not  had t o  g o  on 

t h e  long t ranhumance as before,  because  t h e  c a t t l e  are capable  of walking every  day to. 

t h e  ponds. This has resul ted in a saving of well w a t e r  so  t h a t  they  h a v e ' b e e n  ab le  t o  

w a t e r  t h e  c a t t l e  at t h e  village a f t e r  t h e  ponds dr ied up fo r  t h e  res t  of t h e  d ry  season. 
- -- - - - - - - - - - 

vil lages in t h e  Gambia  River  Basin, and those  immediate ly  to t h e  e a s t  of t h e  con t inen ta l  

shelf fal l  in this category.  

The  second impac t  o f  t h e  ponds is f e l t  in t h e  rainy season. During th i s  period smal l  

na tu ra l  ponds will d ry  up if t h e r e  is  no ra in  for  m o r e  than  4-7 days. However, t h e  p ro jec t  

ponds remain full f rom t h e  very f i r s t  rain, and allow continuous use of t h e  d i s tan t  pastures. 



-- .--- 

themselves - t o  sorve f Ke -jS6Slem. - TRe s3iutian- - i t  ztegradarlun must----iirctudts; 

simuItaneously, a w a t e r  development  program, revege ta t ion  and  reforestation,  and 

changes  in  t h e  management  s t ra tegy.  These  points will be discussed fur ther  in t h e  Range  

Management  P lan  (Chap te r  5). 

Water-points normally must be considered as "sacrif ice points" and a ce r ta in  amount  

of deter iora t ion of t h e  land immediate ly  ad jacen t  t o  it mus t  be  expected.  The  range  

manager ' s  task  i s  the re fore  t o  reduce  the  radius of this de te r io ra t ion  by providing enough 

water-points to decen t ra l i ze  t h e  animals. 

In t h e  Gambia  Basin a r e a ,  t h e r e  is  approximately 130,000 ha of pastureland, With a 

conservat ive  stocking capac i ty  of 4.7 ha/U 0T/245 days  of t h e  dry season (see  section 3 2 4 ,  

these  pas tu res  c a n  theoret ica l ly  support  27,530 UBT. This assumes  t h a t  t h e  livestock a r e  
3 dis t r ibuted uniformly on t h e  range. Each UUT will require  7.4 m of water  to  sustain i t  

during t h e  d ry  season ( a t  a r a t e  of 30 litres/UBT/day). As a resul t  a to ta l  of 203,700 In 3 

of wate r  is required fo r  a l l  t h e  livestock. I f  e a c h  water-point  could provide SOOO m3 of 

wa te r  during t h e  whole of t h e  dry  season, then a to ta l  of 25 water-points would be 

needed. These  25  water-points will mean  t h a t  theoretically any  p a r t  of the  range would 

b e  less than  6 km from a water-point. 

T h e  original project  document  (CID, 1978) proposed t h a t  a t o t a l  of 30 ponds be built. 

However, subsequently we have found t w o  constraints. T h e  f i rs t  i s  t h a t  t h e  e f f e c t i v e  

w a t e r  avai lable  for  l ivestock during t h e  dry  season f rom these  ponds, a f t e r  inf i l t ra t ion and 
3  evaporat ion have taken their  toll, ranges  f r o m  100-2000 m (Clark,  1984: 8). A t  t h e  

tnaxitnurn ra te ,  t h e  a r e a  would need 100 ponds!! 

T h e  second const ra int  i s  t h a t  t h e  ponds c a n  only be  built in t h e  floodplains along t h e  

streambeds.  This is because  t h e  i ronstone horizon on t h e  p la teau  a r e a s  is shallow and 

impedes  t h e  digging of ponds. Even though w e  could theoret ica l ly  build at leas t  35  ponds 

in  t h e  Zone (150 km of  dra inage way and 4 km between ponds), w e  could never ach ieve  a 

tota l ly  uniform distr ibution of water-points because  t h e  dra inage ways  themselves a r e  not  

d is t r ibuted unifor~nly .  As  a result ,  w e  clear ly  need t o  consider o t h e r  f o r ~ n s  of water-point  

development  f o r  t h e  project  area.  Th i s  i s  f u r t h e r  e laborated in  C h a p t e r  4. 

But a r e  t h e  project  ponds drawing t h e  pressure  away  f rom t h e  village a reas?  

Probably yes, however i t  is too  soon t o  measure  t h e  improvement  in t h e  soil and  

. vegeta t ion around villages since, in c o n t r a s t  t o  t h e  process of degradation,  t h e  process of  

regenerat ion i s  a very slow one. I t  may  t a k e  many years  fo r  t h e  full impac t  t o  be felt. 

However, given t h e  e x t e n t  of t h e  degradation,  one cannot  e x p e c t  t h e  p ro jec t  ponds by 



3.2.1.3. Use of Pastures 

i n  the 1983184 period surveys were carried out to  answer two research objectives 

concerning the use of pastures. The f irst objective was to understand the geographical 

patterns of daily grazing by catt le and small ruminants. The second objective was to 

observe the daily diet of a sample of livestock, and to see how it varied with the season. 

The daily movements of livestock in  the dry season were observed to be generally 

centrifugal frorn the village, that is, as the dry season advanced, the livestock walked 

farther away from the village. However, the pattern in  the rainy season was less clear. 

Therefore, a survey was conducted i n  June-September 1984, to study the spatial patterns 

of grazing and to find out what range types were used more frequently. 

The survey was conducted by a graduate of the project's functional literacy program 

who would follow a herd of catt le every two weeks for three consecutive days. One sheep 

and goat flock was followed (also on three consecutive days) every other week. The 

researcher would record what the animals were eating i n  a five-minute observation period 

every half-hour. The researcher would also record his geographical position on a 1:25,000 

scale rnap o f  the area every half-hour. The results are presented graphically in  Figure 3.3. 

The data have been divided into early in  the rainy season, mid-season and end of the 

rainy season, and superitnposed on a grid equivalent to 500 rn x 500 m. Each time that the 

livestock passed through, the grid would be marked once. Therefore the figures illustrate 

the frequency or presence of livestock. This data cannot be converted directly into 

grazing density (or number of livesrack per hectare per unit time). 

As the figures illustrate, there was a fairly distinct change i n  the general direction 

taken by the livestock frorn one part of the season to the next. I n  the early part of the 

rainy season, the catt le tended to use the east/southeast part of the range, and travelled 

an average distance of about 7 krn frorn the village. In  mid-season, they used the 

north/northeast/east part and travelled an average distance of 6 km. In  the end of the 

season, they used the northwest/north/northeast part and rnoved a maximum distance of 4 

km. 

The sheep and goats did not tend to change their directions much. I n  the early part 

of the season they tended to use a l l  directions, and rnoved a maximum distance of 6 km. 

!n midsezson to late pzrt  of the seaon, they tended t o  cancentrate mare an the 

northeast and southwest sides, and rnoved closer to the village. 

These data show that on the one hand, the livestock tend to use the same general 

areas for many weeks. 0 n  the other hand, i t  suggests that the daily grazing i n  the rainy 

season is centripetal, ie., the livestock move closer to the village as the season advances. 







This result may be due to the fact that at the beginning of the rains, the newly 

germinating plants have relatively less total biomass, and so the livestock have to travel 

further to get their fu l l  ration, than later in  the season when the plants have grown. 

Table 3.6. correlates the movements of the livestock with the range type. The data 

show that the denuded and floodplain areas are receiving a disproportionately greater 

amount of u3e than the ironstone or swamp range types. In addition, the floodplains tend 

to be used more heavily i n  the early part of the season (which is precisely the time that 

the soils and vegetation are most vulnerable to degradation). The swamplands receive 

slightly more use at the end of the season because their natural ponds tend to last longer 

than the ponds on other range types. The floodplains and denuded areas are receiving 

heavier cumulative usz not because of any special quality plant but simply because they 

are closer to the village. 

USE OF RANGELANDS BY SAMPLE HER13 
JUNEI'SEPTEMBEK 1984 

Range Type 

Ironstone 

Floodplain 

Swamp 

Denuded 

Total 

Catt le Sheep & Goats 
% Use in  Season % Use in  Season 

Percent of 
Land Area earlya midb endC early mid end 

65 38 48 47 3 5 32 38 

2 3 3 5 25 I5  3 1 33 24 

9 9 10 17 6 6 I Y 

3 18 17 2 1 2 8 29 I9 

100 100 100 100 100 100 100 

SOURCE: Survey data. 

NOTE: aEarly season: 22 May - 12 July 
bblid-season: 17 July - 23 August 
CEnd season: 28 August - 27 September 

The second objective of this part of the research activities was to rnonitor the eating 

habits of livestock and to study the variations i n  their diet following the seasons. Two 

complementary studies were conducted; the first, a "bite-count surveyl1 was done by the 

range manager. I n  this study a herd and a flock are followed for the whole day and the 

number of bites taken from each plant species, the distance travelled, and the time spent 



on other activities (ruminating, milking, watering, etc.) are recorded. This survey was 

done once every three months. The second study, a fecal analysis, involved the collection 

of fecal matter from the sarne livestock and tirnes as above. These samples were sent to 

the Colorado State University Composition Analysis Laboratory. The laboratory then 

perfor~ned a rnicrohistological study to determine the composition of the undigested plant 

parts in  the fecal matter, from which it may be possible to estimate the composition of 

the feed intake. 

IJnfortuantely, the results of the fecal analysis are not as reliable as was initially 

expected. There are major discrepancies between the laboratory analysis and field 

observations that are not very easily explainable. It appears that the fecal analysis has 

consistently ovpestimated the importance of woody species i n  the diet. Furthermore, 

contrary to al l  previous research, the fecal data do not show any seasonal variations. In  

addition, the data have very high standard deviations, that make the co~npositional 

differences (whether by plant species or by season) statistically insignificant. Finally, the 

fecal analysis appears to have made several mistakes i n  identifying the plants, since they 

report species that do not occur i n  the project zone. Therefore, i t  was decided that, for  

a l l  i ts faults, the bite-count survey would be used as the only source of data on the diet of 

livestock. 

The methodology of the bite-count survey consisted of f ive-minute observations 

every half-hour of three different cows in  the same herd. Therefore, a total of fifteen 

minutes were spent every half-hour counting the number of bites taken per plant species, 

and recording the activity of the cows. I n  the remaining fifteen minutes, the route taken 

and the distance travelled were marked on an aerial photograph (1:50,000 scale). In  

addition, what was estimated to be twenty bites of each key plant, were cut by hand, and 

later dried and weighed. The sarne procedure was repeated the following day on three 

goats. The decision was made not to follow sheep because, on the one hand, sheep tend to 

run with the goats and on the other, their diet composition is norrnally in  between that of 

the cow and the goat. 

Init ial analysis of the f irst surveys showed that there was no confidence i n  the s& 

(or weight) of the bites recorded for the cattle, mainly because of two reasons. The first 

was that thecatt le are nat very selective, and wi!L take a mouthfull of L4 diifferentpb 

species at  the same time. The second reason appeared to be that there was a lot of 

variability in  the size of each bit which did - not correlate with the zype of plant, but 

rather with what had been bitten of f  previously. The bites counted for the goats were 

Inore reliable because goats tend to be much more consistent and selective. 



T h e  d a t a  were t h e r e a f t e r  ga thered  as frequzncies  of grazing. In o ther  words, e a c h  

species  of p lants  g razed  was recorded only o n c e  in e a c h  five-minute period. These  

f requencies  were  then added up for t h e  whole day, and t h e  re la t ive  f requency (in percent)  

was  then  calculated.  This  technique has  t w o  shortcomings: i t  will tend to overes t imate  

t h e  light weight p lants  (especially Aeschynomene Schirnperi and  Pandiaka t ieudeloti i)  and 

will underes t imate  t h e ,  heavier  p lants  (Dorreria stachydea) o r  plant  p a r t s  ( f rui ts  of 

S te rcu l i a  se t ige ra  and baobab). But in general ,  th i s  technique provides a good 

approximation of t h e  d ie t  composit ion of livestock. 

Table  3.7. summar izes  t h e  d a t a  on  t i m e  spent  on activit ies.  There  a r e  significant 

seasonal  variat ions in t h e  d i s tance  travellled as well as t ime spent  on  most  activit ies.  In 

t h e  ea r ly  t o  mid-rainy seasan (August) t h e  livestock have t o  t ravel  relat ively fa r  in o rder  

t o  consume their full. A t  t h e  beginning of t h e  dry season (November) they s tay  around t h e  

village in o rder  t o  consume t h e  postharvest  residue (no te  t h e  increase  in t i m e  spen t  

scavenging around t h e  village). . The mid-dry season has  t h e  longest  d is tances  travelled 

because  good quali ty feed  is  hard t o  c o m e  by. T h e  end of the  d ry  season has slightly 

shor te r  d is tances  mainly because  t h e  t r e e s  s t a r t  t o  g e t  their  new buds, which is a main 

source  of feed for a l l  livestock. 

Tab le  3.8. summar izes  t h e  d a t a  on  t h e  feed composit ion for  ca t t l e .  In t h e  d ie t  of 

c a t t l e ,  grasses  d o  not fa l l  below 45% of t h e  to ta l  intake. In August, t h e r e  is  a higher 

p e r c e n t a g e  in take  of fclrbs than grasses, r e f l ec t ing  t h e  availabil i ty of annual forbs, and 

t h e r e  i s  no consumption of  woody species. However, as t h e  d ry  season advances,  t h e  

r e l a t i v e  share  of grasses  and  woody spec ies  increases,  and t h a t  of forbs  decreases.  Most 

forbs  (especially legumes) s h a t t e r  and disappear during t h e  dry  season. The forbs t h a t  are 
consumed have large, seedy inflorescences (eg., Lepidagathis anobrya o r  Borrer ia  

stachydea),  o r  a r e  bulbous perennials (such as Asparagus Pauli-Gulielrni) t h a t  tend t o  

g r e e n  up in May along wi th  t h e  new buds on t h e  trees). 

Boscia senegalensis, t h e  nondecidious bush, i s  increasingly consumed as t h e  d ry  season - 
advances.  "Litter1' r e f e r s  t o  fallen dead leaves  o r  flowers, especially of Combrerum 

micranthum o r  Doscia angustif lora;  a t  t h e  end of t h e  dry  season t h e  c a t t l e  may have 

dep le ted  most of t h e  Boscia senegalensiz supply within reach,  and resor t  t o  this l i t ter .  

l e a f y  a l l  year  around. T h e  supply of a r a c h i a r i a  distichophylla runs  o u t  f as te r  than 

Schizachyriurn nodulosum because  t h e  f o r m e r  tends  to grow only in t h e  " ~ r r i c r o c l i m a t e ~ ~  

c r e a t e d  by a group o f  trees.  However, even t h e  Schii:echyrium spp. s t a r t s  t o  be  of shor t  

supply in May, and t h e  c a t t l e  must  consume t h e  m o r e  stcmrny Andropogon ~ u d a p r i c u s .  



Type of 
Livestock 

TABLE 3.7. 

AVERAGE AhiOUNT O F  TIME SPENT ON DIFFERENT ACTIVITIES 
AND DIST.4NCE TRAVELLED PER DAY BY 

CATTLE AND SMALL KUhlINANTS IN 1983184 

I Time spen t  on Activit ies (hours:minutes) 

Sleeping Crazing Licking 
Month and  Walking and Scavenging Soil or 

Surveyed Standing Only Walking at Village lZIinerals 

C a t t l e  August 16:15 

November 16:35 

I hlarch I 15:40 ( 1:35 1 6:05 1 0:20 I 0:05 

Small  
Ruminants  August I 16:45 0: 10 6:45 

( November 1 18:05 1 0 I 4:O 1 1:40 
I March 1 16:15 1 0:10 1 6:10 1 1:10 1 0  

Watering 

Dis tance 
Travelled 
km/day 

SOURCE: s/ lrvey data. 





March or  May. The dominant forb  in August is Zornia plochidiata,  a smal l  leguminous 

plant with a very high prote in  c o n t e n t  t h a t  tends  t o  dornina.te t h e  degraded lands. During 

t h e  dry  season, t h e  dominant  forbs e a t e n  a r e  t h e  hardy, seedy plants  (Borrer ia  s t achydea  

and Lepidagathis  anobrya). -- 
In conclusion, t h e  d a t a  show t h a t  c a t t l e  rely very heavily on  the  woody species  during 

I 

t h e  d ry  season. In general ,  t h e  d ie t  of c a t t l e  and goa t s  is primarily a function o f  t h e  

re la t ive  availabil i ty of fo rage  on  t h e  range, and no t  solely a function of i t s  

For tunate ly  t h e  incidence of toxicity of livestock d u e  t o  toxic plants  appears  t o  be  

low in t h e  project  zone. The problern of bloat, which occurs  qu i te  frequently in JuneIJuly  

could be  a v e r t e d  by assigning herders  who would res t ra in  t h e  animals  f rom ea t ing  t h e  

young legumes. 

3.2.2. Use by People 

Many plant species  in the  rangelands a r e  used by people for  aes the t i c ,  medicinal  and  

religious uses, as well as for tools, const ruct ion material ,  food a n  fuelwood. T h e  

soc ioecono~nic  s tudy ( s e e  Socioeconolnic Study repor t )  c a n  give a n  indication of t h e  e x t e n t  

to  which these  plants  a r e  used in food. In addition, a study was done by t h e  range  

manager  on the  pr ices  of these  range and f o r e s t  products  in t h e  Dakel m a r k e t  in July  

1984. These  a r e  presented in Table  3.10. 

The Bakel a r e a  tradit ionally has  been a major source  of gum a r a b i c  (which is  derived 

f rom Acac ia  Senegal). Although figures for Bake1 a r e  not  available, t h e  national regis ter  

was  4000 T of gum exported f rom Senegal in 1968. Similar f igures  for o t h e r  coun t r i es  

were: Nigeria 2000 T l y e a r  and  Sudan 40,000 T/year (Kerharo, 1974: 566). T h e  gum 

a r a b i c  sold in t h e  Bake1 m a r k e t  i s  red-colored which may indicate  t h a t  i t  i s  no t  tapped. 

T h e  people ga ther  t h e  gum t h a t  squeezes  o u t  naturally through c r a c k s  in t h e  bark. 

It is recommended t h a t  a survey be  conducted t o  measure  t h e  quan t i ty  of range and  

fo res t  products  being used for tools, construction,  medicine and especially fuelwood. This 

survey would be needed immediate ly  a t  l eas t  f o r  t h e  fast growing town of Bakel, in order  

t o  help devise  a re fores ta t ion  for t h e  area. 

1 3.2.3. Conclusions and Recommendat ions  

Research  done on  t h e  p a t t e r n s  of range  use by l ivestock show t h a t  i t  i s  p+ ' n a r i l y  a 
~ funct ion of t h e  availabil i ty o f  water. Water de te rmines  t h e  seasonal move .nts o f  

I livestock, as well as t h e  use of d is tant  pastures. However, t h e  availabil i ty of specif ic  

I fo rage  species  which is de te rmined  by t h e  range type, t h e  season, a n d  t h e  incidence of 

bush fires,  i s  a l so  a very impor tan t  de te rminan t  of t h e  use of pas tu res  by .all types  of 



TABLE 3.9. 

COMPOSITION OF DAILY DIET OF GOATS I N  1983184 

(% relative frequency) 

Total grasses 

Total forbs 
(Uorninant species) 
-- 

Total woody 
(Dominant species) 

All plants 

August November March May 

13.0 3.4 0 0 

57.3 87.4 6 6..5 93.0 
(Zor glo) (Bor stac) (Bor s tac) (Lep ano) 

29.7 9.2 3 3.5 7.0 
(Aca seyal (hlit iner & (Fruits of Pi1 ret (Fruit of 
& Aca atax) baobab fruit) 6[ Aca nil) t i r e  flav) 

100 100 100 I00 
1 ,  

SOUKCE: Survey data. 



Scientific Name 

Acacia Senegal 

Acacia Seyal 

Adansonia digital 
(Baobab) 

Adansonia digital 

Adansonia digital 

Uorassus aethiopr 

Cassia sieberiana 

Cassia Tora 

Cola nitida 

Combretum gluti  

Combretum micr 

Cyperus Iria 

Cyperacea (?) 

Hibiscus esculenl 

Hibiscus sabdarif 
(red variety) 

Hibiscus sabdarif 
(red variety) 

Hibiscus sabdarif 
(green variety) 

L 

n 

osum 

nthum 

IS 

3 

a 

3 

TAULE 3.10. 

PLANTS AND PLANT PARTS FOUND IN THE BAKE1 MARKET, JUNE 1984 

Plant Pa r t  

lYJm 
branches 

fiber 

leaf powder 

fruit  

leaves 

wood & roots 

lenves 

nu*; 

powdered fruit  

leaves . 

root nodules 

root nodules 

seed 

flowers 

seed 

seed 

Unit 

275 gm 

136 g n - ~ l l , ~  
3r I I5 c m  
long, I c m  
wide 

72 gm, o r  
292 c m  long 

530 gm 

handf ull 

woven 

314 grn 

350 gm-U;W, b 

75 grn, o r  
9 nuts 

13 gm-Dhl 

101 grn-Dbl 

101 gm 

25 gm 

48 gm 

7 grn 

10 gin 

10 gm 

Habi tata - Uses 

additive t o  food, adhesive 

toothbrush 

rope 

food 

food 

fan, 25 cln x 25 c m  dimensions 

an tiparasitic ti antidiarrhetic medicine 

food legume 

tranquilizer, energiser, drug, food 

veterinary medicine 

infusion used a s  medicine (diarrhea, 
malaria, bronchitis, cough, spleen, etc.) 

incense 

food 

for growing okra 

food, inf us im 

for planting 

for planting 





l i l 'estock Therefore the allocation of water-points i n  the future should also consider the 

range types and availability of forage species. 

People use the rangelands in many different ways, and the Uakel market offers a 

diverse supply of products, most of which are locally gathered or produced. I t  i s  

recommended that a survey be conducted to measure the quantity of wood being used by 

the Bake1 residents as well as other villagers for construction and fuelwood. This survey 

would be used to develop a reforestation program in  the project zone. 

3.3. LIVESTOCK MANAGEMENT AND PLZOUUC'TIVITY 

Uase.. .m previous project reports, on spontaneous interviews with livestock owners, 

herders and users, and on close observations of daily village life, i t  is possible to provide 

the following description of the livestock husbandry system among the Toucouleur of the 

project area. Data on the ownership and reproductive parameters of livestock were 

collected by the Socioeconornic Team and are included in their report (see Socioecono~nic 

Study Report). 

3.3.1. Cattle - 
As mentioned previously, cattle i n  the project zone are generally not herded except 

in  two distinct cases, The first case is in the October/November camping season. A t  this 

tirne, the cattle are kept froin returning to the village, and every other day one of herders 

returns to the village to deliver milk and to take back rniliet or sorghum meal. The 

herders are often young boys and men frorn the village who may be accompanied by a 

hired professional Peul herder frorn the Ferlo. As soon as a l l  the harvest is in, the cattle 

are returned to the village to graze on the harvest residue. The professional herder i s  

usually paid 10,000 FCFA a month i n  cash, and a sheep or goat. 

The second case where cattle are herded is i f  they are forced to transhume south 

because of the lack of water i n  the dry season. I n  this case, the majority of the herd is 

entrusted to a professional herder who may stay away even until mid-July before 

returning the herd to the village. I n  the meantime a few of the milking cows and their 

calves are kept at  the village. 
- - - - --- - -- - - 

TWe-  R no -tT&idi€ii3i-of etivew jjiiidiiijj the  herd to3Wci f ic  pastures. The herder 

only makes sure that there are no straying or lagging cows. Otherwise, they feel that the 

cow goknows better than any human what is good for her." None of the herders interviewed 

would try to keep the herd of f  the degraded areas, or would try to steer them towards less 

used pastures. In any case, these professional herders are seldom hired for more than two 



months, and they will herd  t h e  c a t t l e  t o  c a m p s  fo r  only 2-4 weeks of tha t  period. For  the  

remainder  of t h e  t ime, they  are usually told t o  work in t h e  c rop  fields once  they have  

~ n i l k e d  and  released t h e  c a t t l e  every  day. 

F o r  t h e  res t  of the  year,  t h e  c a t t l e  are not controlled in any way. The task of t h e  

l ivestock owner  is merely  t o  milk and re lease  t h e  c a t t l e  f rom thei r  s t a k e s  every day and 

t o  lead them in t h e  d i f fe ren t  d i rect ions  f rom t h e  village at  leas t  once,  so  t h a t  t h e  c a t t l e  

become familiar  with t h e  terrain. Therea f te r  i t  i s  t h e  lead cow t h a t  t akes  on t h e  

responsibility of "herding" t h e  cat t le .  T h e  system works very well for the  c a t t l e  s ince  

they will minimize thei r  losses and  maximize their  immedia te  gains. However, this  

usually means  t h a t  rangelands suffer,  and t h e  Dakel a r e a  is no exception. 

T h e  i n s t i t u t i o ~ ,  of herding is m o r e  widespread among t h e  villages in t h e  Senegal Uasin 

than in t h e  Gambia  Basin. The  main reason is  t h a t  t h e r e  a r e  more  natural  resources  in t h e  

l a t t e r ,  and  t h e  c a t t l e  generally c a n  find enough t o  g r a z e  by themselves. However, t h e r e  

a r e  less  resources  in the  Senegal Basin (especially in t h e  northern, more  degraded areas). 

There fore  in most  cases t h e r e  is a need for  herders  t o  accompany t h e  c a t t l e  in o rder  to  

c u t  down leafy  branches  o r  f ru i t  t h a t  a r e  out-of-reach of t h e  ca t t l e .  Thus herding is only 

done a t  t h e  l a s t  resort. 

T h e  people see o ther  cons t ra in t s  t o  herding. Many say t h a t  i t  i s  hard work where the  

benef i t s  a r e  no t  apparen t  nor worth  t h e  while. In addition, year-round herding, especially 

during t h e  rainy season, would t a k e  away  labor t h a t  is needed for cultivation. Finally, t h e  

younger generat ion s e e m s  t o  be  looking m o r e  toward Uakel and i t s  modernity, than  t o  

herding as a profession. Yet, a ra t ional izat ion of t h e  livestock industry in t h e  zone  

necess i t a tes  herding (or i t s  m o r e  expensive a l ternat ive ,  fencing). T h e  Range Management  

Plan, in C h a p t e r  5 will e labora te  on  this idea. 

T h e  only o t h e r  t ime tha t  labor is expended on  c a t t l e ,  i s  during t h e  dry  season when 

t h e  an imals  mus t  be  wa te red  a t  t h e  village well. A survey was  done on t h e  water ing of 

l ivestock a t  t w o  villages in t h e  Mbaniou Zone in May 1984. A t o t a l  of seven herds w e r e  

moni tored for  t w o  consecut ive  days  at t h e  wells. Because  of t h e  slow seepage of w a t e r  

in to  wells, t h e  herds  had t o  t a k e  turns  at t h e  well. A t  any point  in t i m e  up t o  t h r e e  herds  

were  wa te red  at t h e  well. On  t h e  a v e r a g e  i t  took t w o  men, t w o  hours t o  w a t e r  100 c a t t l e ,  

-w-umn-iy-dran~Fkiitresoiwaterperttead-pet* 

 he order  in which e a c h  herd is wate red  at t h e  well is established e a c h  y e a r  in 

f)ecember/January at a village mee t ing  cha i red  by t h e  village chief. However, at leas t  in 

t h e  vil lage o f  Toulekedi, th is  o rder  has  not  changed in  t h e  pas t  10 years. T h e  o rder  

a p p e a r s  to b e  linked t o  t h e  in ternal  poli t ical  hierarchy of t h e  village. There  a r e  de f in i t e  

costs a n d  benef i t s  tn one 's  position in t h e  water ing cycle. T h e  herds wa te red  in ' the 



rnorning benef i t  t h e  most  s ince  they then have t h e  res t  of the  day t o  g r a z e  and c a n  walk 

fa r  f rom t h e  village t o  relat ively less used pastures. Those herds wa te red  around noon a r e  

t h e  worst  off s ince  they cannot  g r a z e  too fa r  nei ther  in the  morning nor in the  afternoon. 

The herds wa te red  in t h e  af ternoon and evening a r e  b e t t e r  off than  t h e  noon herds s ince  

they c a n  g r a z e  f a r t h e r  away, but  they a r e  not  as well off  as t h e  morning herd s ince  they 

have t o  g r a z e  on a thi rs ty  stomach. 

Each farnily has  i t s  own watering basin around t h e  well,, These  basins traditionally 

were  dug-out logs, but they are being replaceld by oil barre ls  c u t  in half ,  o r  large  brick and 

c e m e n t  basins. The  watering of c a t t l e  i s  done  by young men from the  family using a goat  

skin sack t h a t  c a n  conta in  10-20 l i t res  of wa te r  and a n  iron pulley a t t a c h e d  to wooden 

posts a t o p  t h e  well. I f  t he  farnily owns a horse o r  donkey, i t  will b e  used t o  pull t h e  rope. 

Only the  well i t se l f  is communally owned by t h e  villagers. 

Outsiders, especially nomads o r  o the r  travellers,  generally a r e  not barred f r o ~ n  using 

t h e  wells, however, they must  f i rs t  ask permission from t h e  village chief. Only one 

village in t h e  p ro jec t  zone (excluding Uakel a n d  Kidira) has a functioning  no tor-pumped 

deep  bore-well. This well was pet i t ioned by t h e  villagers, and was  built by t h e  

Government 's  Rura l  Works Services. The  W a g e  charges  6Q FCFA per  month per  head of 

c a t t l e  to  t h e  villagers, and 65-70 FCFA t o  livestock f rom o ther  villages (400 FCFA a r e  

roughly equivalent  t o  o n e  dollar). In addition, t h e r e  is  a daily wa te r  c a r t  t h a t  t ravels  t h e  

rnain road as fa r  as 20 km from t h e  village. T h e  water  tank on t h e  c a r t  holds about  2500 

l i t r es  of water ,  and  rhe  e n t i r e  reservoir  i s  sold a t  31,000 FCFA t o  a village o r  group o f  

viilages The revenue f rom these  sa les  is used t o  maintain t h e  pump and diesel  supplies. 

In no ins tance in t h e  en t i re  project  zone  was a fee charged for  using a tradit ional ,  

rnirnually opera ted  well. 

During t h e  ear ly  rainy season and continuing in to  August/Septernber inost herds  

traditionally rece ive  a s a l t  supplement. A small  p i t  is dug near  t h e  village which t h e  ra ins  

fill  with water ,  and rock salt is  added t o  it. All livestock then  have access t o  this 

supplement,  and mos t  appear  t o  apprec ia te  i t  highly. Because of convenience,  these  pi ts  

are dug not  even 500 m from the  village well, which tends  t o  a g g r a v a t e  t h e  degradation I 
problem around t h e  village. 

1 T h e  people in general  have a very i n t i m a t e  knowledge of their  animals1 needs and 

potentials. S o m e  cows, chosen as favorites,  a r e  caressed and  fed s c r a p s  from t h e  farnily 

meal, o r  special  hay. All c a t t l e  in t h e  herd are given names. Tab le  3.11. provides a 

sampling of these  names  and thei r  roudh t ransla t ion i n t o  English. T h e  c a t t l e  are t r e a t e d  
1 

gently, but they  a r e  no t  qu i t e  as gen t le  as t h e  livestock of nomadic people. I 



TABLE 3.1 1. 

LIST OF SOME NAMES GIVEN TO CATTLE 
BY THE TOUCOULEUK OF THE rlwsec.r AREA 

Pulaar 

soy6 

Cajel 

Gajel 

~ o g n e r 6  

~ i w i  

Ole1 

Wig6 gumalo 

W ig6 boy 

SOURCE: 

Translation 

Grey color 

l ied & white color 

Iiorns turned backwards 

l ied & white faint 
black face 

White with faint 
black stripes 

Yellow color 

No horns 

White color 

Survey data. 

Pulaar 

Bigel 

Coullal 

Hamadi pad 

Job016 

Lajowal 

Machine 

Kodda 

Gnaki 

Translation 

First calf of cow 

Named after original owner 

Named after a herder 

Vertical horns 

Circular horns 

Lame cow 

Draft ox 

Last calf of the cow 

S ~ r ~ a l l  red spots 

The productivity of catt le can be measured through three indexes. The index that i s  

most relevant to the people themselves is the amount of milk produced by the cow. A 

second index is the live-weight, and the third i s  the amount of manure that can fertilize 

fields. The socioecono~nic team has surveyed the manure production, and the data are 

given i n  their r~eport. The range manager had intended to measure the live-weight of 

cattle and i t s  seasonal variation, however none of the weight-scales were in  operational 

shape. It is recommended that the project design a survey to measure the live-weight of 

a t  least 100 cattle of varying ages and sex, and to correlate these with the breast-width 

of the animals. The regression equation that could be derived from this survey would be 

used to convert breast-width (which is easier to  obtain) to live-weight. This technique 

would not only help future monitoring efforts of the livestock, but also could be used for 

establishing buying/selling prices for the commercialization program. 

TFFneasure fWmtft-B-Uyt ~ s , t w u ~ p k m e ~ r y -  survey%- 

designed, The first involved the collection of milk samples from 10-12 cows in  the "'"-1 
~ban iou '  Zone oncc every season in  1983184. A preservative was added to these samples, 

and theb were sent to the OKANA laboratory i n  Dakar for nutritional content analysis. 



collection and arrival  a t  t h e  laboratory. This may have a f f e c t e d  t h e  quali ty o f  t h e  

samples. 

The  second survey involved t h e  measurement  of milk e x t r a c t e d  for  human 

consumption. Because  of logist ical  problems and cu l tu ra l  sensitivities, no a t t e m p t  was  

made  t o  measure  t h e  amount  of milk t h a t  was  consumed by t h e  calf .  The rnilk f r o m  e a c h  

c o w  was measured using a plas t ic  beaker, graduated to  t h e  neares t  50 rnl, immediate ly  

a f t e r  e a c h  milking, morning and night. The d a t a  were  ga thered  on th ree  consecut ive  days  

for t h e  s a m e  cow. A to ta l  of 221 cows were  studied during t h e  survey, with a n  a v e r a g e  o f  

44 cows per  season. The a g e  of e a c h  cow and her l ac ta t ion  period were  recorded for e a c h  

milking by asking t h e  herder or herd owner. 

Of the  to ta l  sample  of cows, 50 of them w e r e  moni tored a l l  year. Yet  e a c h  t i m e  the  

herder would give slightly d i f fe ren t  and inconsistent  a g e s  for  e a c h  cow or  calf. There fore  

i t  was  no t  possible t o  ana lyze  t h e  d a t a  according t o  a g e  of c o w  or lac ta t ion period 

because  t h e r e  was no conf idence in t h e  d a t a  repor ted by t h e  herders. 

Table  3.12. provides a summary  of the  nutri t ional  analysis of the  milk samples,  and 

c o m p a r e s  t h e  resul ts  t o  o t h e r  tropical  and t e m p e r a t e  regions. The  d a t a  show t h a t  t h e  

~ n i l k  in our project  zone i s  of good quality, and generally even b e t t e r  than o t h e r  

Sahelo-Sudanian regions. 

Unfortunately t h e r e  was  too much s tandard deviation around t h e  rneans t o  al low a 

rncaningful comparison of t h e  seasonal d i f ferences  of milk quali ty in t h e  project  zone. In 

addit ion i t  is not  possible t o  cornpare t h e  two samples  from April 1984 (one is f r o m  cows 

t h a t  had received prote in  supplements, and t h e  o t h e r  i rom nonsupplemented cows). T h e  

to ta l  number of samples  (12) i s  not  enough t o  al low a s ta t i s t i ca l  comparison f r o m  this 

survey. I t  is recommended t h a t  in t h e  future,  a milk quali ty monitoring program be  

implemented t h a t  would allow a n  evaluation of not only t h e  seasonal variat ions in milk 

quality, but  a l so  of t h e  e f f e c t s  of protein supplementation. The  number of sampled cows 

should b e  a t  leas t  30 p e r  season. 

Tab le  3.13. provides t h e  resul ts  of t h e  rnilk quant i ty  survey. The d a t a  o n  t h e  p lan t s  

e a t e n  by t h e  cows  are obta ined f rom t h e  bite-count survey ( see  sect ion 3.2.1.3.). T h e  

f igures  on  t h e  daily Digestible Crude  Prote in  (DCP) required in t h e  d ie t  a r e  obta ined f rom 

IEMVT (1978). They represent  t h e  need for t h e  maintenance of a 250 kg l ac ta t ing  cow. 
--  - - -- - - - -- - - - - - -- - 

T h e  e s t i m a t e d  DCP avai lable  in t h e  d i e t  is ca lcula ted using t h e  bite-count survey d a t a ,  

laboratory  analysis of t h e  woody species, and nutri t ional  tables  (IEMVT, 1978). 

The  d a t a  show t h a t  t h e  quant i ty  of milk e x t r a c t e d  by people, as expected,  i s  g r e a t e s t  

in August, and l eas t  in May/June. Only 7% of t h e  t o t a l  sample  of 221 c o w s  gave  m o r e  

than  1.5 l i t r e s  pe r  day f o r  human consumption, while t h e  maximum quant i ty  e v e r  taken 



TABLE 3.12. 

AVERAGE NUTRITIONAL CONTENT O F  COWS' MILK IN PROJECT ZONE, 
1983184, COMPARED T O  OTHER REGIONS 

(all  f igures in % of dry m a t t e r )  

off  was 2.14 l i t r es  pe r  day. On t h e  average,  assuming a lacta t ion period of 12 ~ n o n t h s  and  

accounting for seasonal variations, a c o w  c a n  b e  expec ted  t o  g i v e  337 kg of ~ n i l k  f o r  

human consumption. The average  milk yield (ie., including what  t h e  calf takes) in t h e  

tropics i s  roughly 630 kg per l ac ta t ion  (Williamson and  Payne, 1978: 254). Therefore ,  i t  

s e e m s  t h a t  t h e  people on t h e  project  zone  tend t o  e x t r a c t  a l i t t l e  more  than half o f  t h e  

t o t a l  milk yield per  cow for  human consumption. T h e  need for  supplemental  feeding of 

l ac ta t ing  c o w s  is c lear ly  demonstrated.  

3.3.2. Sheep and G o a t s  - - .- - -- - - - - - - - -- - - -- - -- 

T h e  smal l  ruminants  remain at t h e  vil lage a l l  year, and at night a r e  s taked inside 

open-sided huts. There  tend t o  be m o r e  g o a t s  than  sheep in a household's flock. T h e  

small  ruminants  tend t o  g r a z e  together ,  and  i t  is not c l e a r  which an imal  leads  t h e  others: 

g o a t s  tend t o  be  in  t h e  front,  bu t  they  wander around a n d  s c a t t e r  in t h e  pasture,  whereas  

t h e  sheep, a l though in t h e  back, tend to s t a y  together ,  and move in a s t ra ight ,  determined 

direction,  seemingly oblivious to t h e  goa t s t  wanderings. 

Source  Month Humidity Prote in  Lac tose  F a t  Ash 

Gambia  Uasin August 1983 Y 6.99 3.97 5.55 3.16 0.762 

Gambia  Basin February 1984 88.12 3.79 5.2 1 4.19 0.754 

Gambia  Dash April 1984 84.97 4.63 5.38 4.70 0.110b 

Cambia  Basin J u n e  1984 84.57 4.2 1 5.70 3.55 0.793 

Gambia  bas in  April 1984a 86.93 3.48 5.325 3.60 0.825 

Ngok Oinka %lay 1 9 8 0 ~  89.4 3.10 ? 1.80 ? 

13or Dinka July 1977' 76.4 4.10 ? 4.3 9 

Sahel Zebu Cow End of dry seasond ? 3.0 ? 2.5 ? 

Ternperate  Cow Staf f-fede 87.6 3.20 ? 3.7 #) 

SOURCE: Survey d a t a  and l i terature.  

NOTES: aSamples herd had received c o t t o n  seed as a supplemental  feed. 
b ~ a  t a  obtained from southern Sudan (Niarnir, 198 1: 124). 
CData obta ined f rom southern Sudan (Payne, 1977). 
d O a t a  obta ined f rom Dahl (1976: 154). 
W a t a  obtained f rom Williamson and Payne (1978: 663). 



TABLE 3.1 3. 

RESULTS OF MILK QUANTITY MEASUIICMENTS 

Date  of Samples  

August 1983 

Novernber 1983 

March 1984 

June I984 

Dominant 
Species in 

Diet  of Cows 

Oihe teropogon 
Hagerupii 

Aeschynornene 
Schimperi  

t3orreria 
s tachydea 

Schizachyriurn 
nodulosurn 

Schizachyriurn 
nodulosum 

Uoscia 
senegalensis 

Lepidagathis 
anobrya 

Uoscia 
senegalensis 

P terocarpus  
lucens 

SOU'lICE: Survey data. 

- 
Average  
Quant i ty  
of Milk 

I /cowlday 

Total  
DCP in 
Dilet 

gm/day 

Tota l  0CP 
Required 
g d d a y  

210 

NOTE: aMay and J u n e  figures a r e  not  significantly d i f fe ren t  frorn 
e a c h  other. 



I'he flocks may be accompanied by a herder only in  the end of tlw dry season when 

forage Is scarce or inaccessible. At this time, the herder's task is merely to follow the 

flock, and to cut down leaves or fruit pods of trees that they may colrre i?cross. The trees 

that are cropped the most are Acacia Seyal and Dalanites arayptiaca. These species seem 

to regenerate very quickly in the followinp, sea!jon. Thc iri~lt pods of Piliostinma 

reticulatum, Acacia nilotica and Pterocarpus erina.ccy2 are the r:lost sought after. The 

fruit of the baobab tree are also knocked down for the flocks. 

During the rainy season the flocks water at small rratural ponds that are found close 

to the village. They also lick the minerals in the salt pits mentioned previously. During 

the dry season, the task of watering the flocks is left to the women. They will  provide 

water at the village compound from basins that the): use to bring waster for their farnily. 

The daily scene in a village at around noontime, is a virtual invasion of braying sheep and 

goats, who rush through the compound, upsetting pots and pans in theilP search for water. 

About two months before Tabaski (a special hluslim holiday), every housewife will 

start to fatten a ram for the feast. These rarns tend to become liko pets, following the 

wife everywhere and eating leftover scraps from the family meal c r  fresh Pterocarpus 

lucens and tirewia bicolor leaves that are cut and brought to thern. - 
There is a far greater amount of selling and slaughtering sheep and goats than cattle. 

This is rnainly due to the fact that the small ruminants' meat is of far less quantity, and 

therefore does not need to be stored once it is slaughtered. In addition, the taste of small 

ruminants' meat (especially sheep) is preferred to that of the cattle. The small ruminants 

are not rnilked by people, unless the supply frorn the cattle is very low, and even then only 

when absolutely necessary. The reason most often given is that the small ruminants have 

very iivtle rnilk yield and not enough would be left for the lamb or kid. The manure frorn 

small ruminants, which collects in their barns, is sometimes used for vegetable plots 

around the compound especially in villages along the Senegal and ~ a l a m 6  Rivers. These 

plots are often irrigated by hand and vegetables such as onions, tomatoes and jakhatou (a 

bi ttes, yellow-skinned eggplant) are grown in the cold season. 

3.3.3. Horses, Donkeys, and Chickens 

The few horses that exist in the project zone are cared for intensively by the owner. 

Eating bod kitover from me&--&fib %k& a& rhs+hg- && %e:dss MB W- if 

common. Some villages have substantial donkey herds who, like horses, graze around the 

village. 00th of these animals are normally hobbled (by tying their legs) so that they do 

not wander far from the village. Donkeys are the only animals that do not mind grazing 

at night. 



Horses and donkeys a r e  co~rimonly used as d r a f t  animals  for  drawing ca r t s ,  wa te r  

f rom wells, or plows in fields. S a m e  farnilias who do not  have donkeys o r  horses may hitch 

a pair  o f  oxen, o r  even n c o w  t o  t h e  plow. However, only t h e  horses a r e  e v e r  given c u t  

hay during t h e  plowing season. 
' 

Every household has  a f e w  chickens  and roo3ters. The  poultry a r e  of a iocal  breed 

with long legs and necks. 'i'he \.vcmen a r e  t h e  ones  responsible for t h e  poultry. t iowever,  

a p a r t  frorn t h e  const ruct lon a l  a coop, t h e  poultry a r e  basically l e f t  to fend for  

themselves. Eggs are rare ly  e a t e n  o r  sold. T h e  chickens a r e  e a t e n  during specia l  

occasions (eg., i t  is prescribed for wornen who have given birth) o r  given a s  gifts. The  
revenue frorn t h e  sa le  of poultry goes  t o  t h e  women's purse however t h e  m e n  c a n  give 

poultry away a s  gifts. 

3.3.4. - In te r face  with Farming 

The livestock industry and  management  sys tem is closely linked with t h e  f a n n i n g  

sys tem in t h e  project  xone. The manure  f rom t h e  livestock is a n  important  source  o f  

fer t i l izer  for  the  fields. During the  dry season t h e  livestock a r e  s taked on  the  fields, and 

thei r  location is changed every  two  weeks t o  spread t h e  rnanure over  a l l  t h e  field. 

Iiowever, this  rnethod is not as e f f e c t i v e  as i t  could b e  s ince  i t  is only t h e  u r e a  t h a t  c a n  

p e n e t r a t e  t h e  soil. The manure  itself r emains  in large  c lods  because  t h e  systern of 

spreading t h e  - c a t t l e  on the  field d o e s  not  al low trampling and pulverizing of the  clods. 

Thus the  rnanure does  not decompose easily and may  take  a few 'yea rs  before  i t  i s  

incorporated effect ively  in to  t h e  soil. In s o m e  villages the  people will burn t h e  c lods  and  

rernaining residue just b a h r e  plowing t i m e  so  tha t  i t  does  not irnpede t h e  plowing o r  

sowing.. In this case, a l l  of t h e  nitrogen value and organic rnat ter  of t h e  manure  is  lost 

through burning. 

The neighbors of  t h e  Toucouleurs t o  t h e  south, where  soil  fer t i l i ty  appears  t o  b e  a 

g r e a t e r  constraint ,  tend t o  keep t h e  c a t t l e  in o n e  spot a l l  during t h e  dry  season s o  t h a t  t h e  

manure  is  pulverized, and then  will spread t h e  powder over  the  f ields and immediate ly  

plow i t  under. This rnethod is much m o r e  e f fec t ive .  T h e  people in t h e  project  zone  should 

b e  encouraged t o  adopt  this method even though i t  involves a g r e a t e r  labor expenditure. 

Another problem i s  t h e  fact t h a t  livestock a r e  al lowed t o  g r a z e  off t h e  c r o p  residue 

immediate ly  a f t e r  t h e  harvest. T h e  value o f  t h e  residue at th is  t i m e  is  equal  t o  o r  even  
- - - - -- - - --- - - -  - - -  - - - -- - - - - - - - - - - . -- - - - 

less than  t h e  value of t h e  standing forage in t h e  pastures. There fore  i t  s e e m s  t h a t  t h e  1 
only reason why t h e  c a t t l e  are allowed in to  t h e  fields i s  because  t h e  herders  d o  not wish 

t o  remain  in t h e  bush c a m p  a n y  longer, and  t h e  fences  around t h e  fields a r e  not  I 



Grazing t h e  c r o p  res idue immediate ly  a f t e r  the  harvest  has t w o  major problems. The  

f i rs t  is t h a t  i t  l eaves  t h e  field ba re  and without cover  for t h e  r e s t  of t h e  dry season, thus 

exposing t h e  soil t o  wind erosion. The  second problem i s  t h a t  of a n  opportunity Lost. If 

t h e  c r o p  res idue is l e f t  on t h e  fields, t h e  livestock will have access t o  a substant ia l  

quant i ty  o f  i o r a g e  when they need i t  t h e  most: i.e., in April and May. 

T h e  cul t ivat ion systern itself appears  t o  c a u s e  a few problems as well. On t h e  o n e  

hand the re  does  not  appear  t o  be  much of a fallow system. The fields around t h e  vi l l i ig ,~  

scem t o  be cul t ivated every year. T h e  fields much f a r t h e r  away in s t reambeds  may bt: 

l e f t  fallow but t h a t  appears  t o  be  d u e  more  t o  const ra ints  imposed by a high wate r  flow 

than t o  choice. A fallow sys tem accompanied by a m o r e  e f f e c t i v e  manure  uti l ization 

systern may  be  m o r e  product ive  in t h e  long run. 

Finally, t h e r e  is  no systern of plowing t h a t  follows t h e  contour  of t h e  land, The  

slopes a r e  very f l a t  f o r  the  most  par t ,  however, in  s o m e  s tecper  d r e a s  (i.e., those 

approaching s t reambeds)  many cases of erosion w e r e  seen  to b e  advancing i n t o  the  fields. 

Contour  plowing on these  s t e e p e r  a r e a s  may b e  e f f e c t i v e  in safeguarding agains t  soil 

erosion. 

3.3.5. Conclusions and ~ e c o ~ n c n e n d a t i o n s  

T h e  Toucouleur of the  project  zone mainta in  a very diverse portfolio of l ivestock 

designed to  m e e t  various needs. C a t t l e  a r e  kept  rnainly for thei r  milk, as a source  of 

weal th  and recurr ing income (reproduction of calves). Small  rurninan t s  and poultry a r e  

raised primarily for  thei r  m e a t  and as g i f t s  and f o r  o the r  cu l tu ra l  transactions. Horses  

and donkeys a r e  kept  as d r a f t  anirnals. 

However, t h e  management  of these  livestock tradit ionally has  not  required much 

investment  (whether  cap i ta l  o r  labor). T h e  only substant ia l  labor requirement  is during 

t h e  t imes  t h a t  l ivestock are wate red  at t h e  vil lage well, and  even herding d o e s  not  require  

much labor. Therefore ,  compared  t o  t h e  cul t ivat ion system, very l i t t l e  t ime, labor and 

economic resources  a r e  spent  on  maintaining and  exploiting t h e  livestock. 

As  l a te r  sect ions  will show, th i s  lack of con t ro l  over t h e  l ivestock i s  a major c a u s e  of 

degradation o f  t h e  rangelands in t h e  p ro jec t  zone. Various s imple  changes  in t h e  

management  sys tem a r e  proposed in  t h e  Ranc,e Management  Plan t h a t  could help p reven t  
f ~ t r b d -  - ml-, Qntour plowing of steep a r e a s  on t h e  fields, a l o n ~ e r  

fal low period, a n d  a m o r e  e f f i c i e n t  c r o p  res iduelmanure  exchange be tween  c a t t l e  a n d  t h e  

fields, would help t o  increase  t h e  productivity of t h e  cu l t iva ted  lands. 

I t  i s  recommended t h a t  t w o  monitoring programs be established by t h e  project  o n  t h e  

productivity of t h e  livestock. T h e  f i r s t  i s  a live-weight monitoring sys tem and  t h e  second 



the concentration of water and the deep clay loam soils i n  these areas. 

i s  a milk quantity/quality monitoring system. Both systems would be used for ongoing 

evaluation and feedback on the project's impacts (especially the supplementation and 

commercialization prograrns). 

3.4. RANGE PLIODUC'TIVITY 

The research on range productivity had as a major objective, the study of the 

dynarnics of the vegetation community, in  terms of both the ecology and exploitation (by 

livestock and people). Unfortunately, the range rnanager did not have the means to 

measure the productivity of the woody species. This produced a major problem for the 

calculation of stocking capacities, which wil l  be discussed in  section 3.5. Therefore, this 

study of range dynarnics concentrates entirely upon the herbaceous stratum. 

The range manager had the opportunity to observe the rangelands in  two consecutive 

rainy seasons. This produced many answers, but it also raised more questions for a future 

researcher. 

3.4.1. Biornass Studies 

Biomass studies on the herbaceous vegetation of the rangelands were carried out on 

the same sites in  three points i n  time (September 1983, May 1984 and September 1984). 

These represent the biornass existing on the range a t  the end of the growing season 

(September) and the end of the dry season (May). Strictly speaking, they do not represent . 

the net productivity of the plant community under grazing conditions during the rainy 

season. However, biornass studies do provide an indication of the availability of forage i v  

the dry season. 
2 The methodology consisted of placing ten O.5m circles 20 paces apart on the sample 

site, and cutting a l l  standing biomass at stubble height (1-2 crn off  the ground). This 

standing biomass was divided (in the field) into two plastic sacks, one for monocots 

(grasses and sedges) and the other for dicots (all other herbs). Two other sacks were filled 

with herb o r  woody litter. A l l  sacks were then oven-dried at 80°C (using either a 

solar oven or a gas oven) and weighed. 

3.4.1.1. Biomass per hectare 

. -- whewa+ ~ ~ ~ & ~ ~ & & w e ~ & g y ~ ~  tewetp -- -- 

(see Table 3.14). The streambed range type i n  the Cambia River Basin supports the 

greatest amount of biomass i n  September than a l l  other range types. In  addition, the data 

show that the streambed range type did not change significantly i n  1984 compared to I 
1983, even though the rainfall i n  the project zone was less. This is understandable given, I 





The ironstone pla teau is  probably t h e  nex t  range type  in terrns of to ta l  biomass, 

however i t  is very sensit ive t o  year ly  rainfall  amounts. T h e  s a m e  sensit ivity is apparen t  

in t h e  hill and foothill range types. This is probably d u e  t o  t h e  f a c t  t h a t  these  range types  

have  coarse r  soil and/or shallow soil profiles, result ing in lower water-holding capacit ies.  

The swarnp range type  and degraded a r e a s  a r e  p r e t t y  much insensit ive t o  rairrfall 

changes  but for  d i f fe ren t  reasons. The  swamplands like t h e  s t reambeds  normally hold 

m o r e  water. , , reduction in yearly rainfall  probably t rans la tes  in to  a relatively siiialki 

reduct ion in wa te r  availabil i ty to  t h e  plants. On t h e  o ther  hand, t h e  plants  t h a t  grow on 

the  degraded a r e a s  a r e  hardy species  t h a t  a r e  a l ready adap ted  t o  low mois ture  conditions, 

and appear  t o  be  less a f f e c t e d  by variat ions in annual rainfall.  

As expected,  both of t h e  floodplain range  types show' srnaller changes  in biornass 

between 1984 and  1983 than t h e  i ronstone o r  hill range types. This is because t h e  soils a r e  

deeper  a n d  finer than in t h e  hilly areas.  

A comparison of t h e  pe rcen tage  composit ion by weight of rnonocots in al l  range types  

shows tha t ,  as expected,  t h e  w e t t e r  a r e a s  with f iner soils (s t reambed and swamp) have 

less monocots, while a r e a s  with coarse r  soils  (ironstone, foothill, hill) have rnore 

rnonocots. T h e  floodplains fal l  sornewhere in-between. Surprisingly, degraded a r e a s  have 

t h e  leas t  pe rcen tage  of rnonocots. This is probably d u e  t o  the  f a c t  t h a t  the  few d ico t s  

t h a t  persist  on degraded a r e a s  a r e  large  and sternrny species  (eg. -- Cassia  Tora  o r  Sida - 
s tipula ta). 

A comparison o f  1983 and 1984 d a t a  suggests thaz a s  e x p e c t e d  a dr ier  year general1.y 

t ends  t o  encourage rnore monocots. However, th is  was not t r u e  for t h e  foothil l  range type  

which saw a decrease  in monocots. This was  probably d u e  t o  a n  increase  in Zornia 

plochidiata,  which is  generally considered t o  be a n  invader of degraded sandy soils. In 

addition, the percen tage  of rnonocots d id  not  change  significantly in ironstone, degraded 

and hi\l areas, probably because, as before,  t h e  few d ico t s  t h a t  d o  pers is t  here,  a r e  hardy 

plants. 

The  biomass loss during t h e  1983184 dry  season is strikingly high across  a l l  r ange  

types. All  range types  show losses g r e a t e r  than  t h e  theoret ica l  50% PUF (proper use  

f a c t o r )  required for soil protection.  T h e  d i f fe rence  between September  1983 and May 

1984 represen t s  a loss of biomass primarily due  t o  grazing (l ivestock and wildlife), wind 

darnage, and insect  darnage (it d o e s  no t  include des t ruc t ion  by fire; th is  i s  discussed 

later). Unfortunately it was not  possible t o  moni tor  a l l  s i t e s  in o rder  t o  s e p a r a t e  t h e  

causes. However, one s i t e  in t h e  C a m b i a  floodplain range type  c a n  safely be considered 

t o  have been used by l a rge  mammals  during t h e  dry season ( th is  was verif ied by 
2 

searching for  f e c a l  m a t t e r  in a 100 m a r e a ,  and by searching for ev idence  of 



trampling). In this s i t e  (V6) t h e  biomass loss w a s  alrnost 78% compared t o  Sep tember  1983 

(scc Appendix A.). The  major  p a r t  of this loss i s  probably d u e  t o  consumption by 

terrnites. Without m o r e  deta i led  s tudies  i t  i s  impossible t o  assess  t h e  e x a c t  role of 

ter rni tes  in rangeland forage consumption. However,  i t  i s  c l e a t  t h a t  terrnites,  especially 

in t h e  dry season, a r e  a major compet i to r  t o  l ivestock fo r  forage. I t  would be  to ta l ly  

unrealistic, as s o m e  people have suggested,  t o  think about  a t e r rn i t e  eradicat ion 

campaign. Not only would i t  be  a logistical n ightmare  but also, t h e  posit ive aspec t s  of 

terrni tes  in t h e  ecology cannot  be  ignored. T e r m i t e s  help t h e  ecological  c y c l e  by speeding 

up t h e  decomposit ion of organic  mat ter .  They help in llplowingll t h e  soil oy bringing up  

c lay  and si l t  frorn t h e  subsoil and deposit ing i t  on t h e  surface. Another  posit ive a s p e c t  i s  

t h a t  -- Boscia sene#alensis, a nondecidious bush t h a t  provides much needed prote in  a n d  

minerals for a l l  l ivestock during t h e  dry  season ( see  sect ion 3.2.1.3.), tends  t o  grow a lmos t  

exclusively on t e r m i t e  mounds. 

In Ma,y 1984 t h e  biomass col lected frorn t h e  s i t e s  were  divided in to  standing (rooted) 

herb, herb  l i t t e r  and woody l i t t e r  (fal len !eaves, f lowers and fruit). (See Appendix A.) 

The  re la t ive  weights of standing herb t o  l i t t e r  he rb  rnay suggest  t h e  degree  of uti l ization 

(trampling) of t h e  s i t e  by l a rge  mammals. T h e  only s i t e  with a higher pe rcen tage  of 
standing herb was  V6.  All o the r  s i t e s  had m o r e  l i t t e r  than s tanding biornass. It w a s  

observed during t h e  bite-count survey (sect ion 3.2.1.3.) t h a t  during t h e  dry  season, t h e r e  is 

high consumption of l i t t e r  by all  Livestock. This was  a lso  observed fo r  woody l i t ter .  Ln 

fact, l ivestock will tend t o  congrega te  around special  t r e e s  t h a t  bear high quali ty fruit. In 

addition, when c a t t l e  c ross  a burnt a rea ,  they  d o  no t  hes i t a te  t o  browse on  t h e  singed 
I--.,-- r L  Prrrnhr.r*m.m - l a a + : n n c a ~ m  
IFOvCa uVIIIVl \rCUl.I CI.U....YIYI.I. !This is proDab!y t h e  only t i m e  t h a t  C o ~ n r e t u ~ n  

glutinosum is  browsed, s ince  the  leaves  con ta in  a n  oily, b i t t e r  subs tance  when green.) 

Therefore ,  much of t h e  biomass of woody spec ies  and l i t t e r  i s  regularly consumed by 

livestock. 

3.4.1.2. Bush f i r e s  

Apar t  from t e r m i t e  d a m a g e  and  drought,  bush f i r es  a r e  ano ther  impor tan t  f ac to r  in 

t h e  reduct ion o f  biomass during t h e  dry  season, and  they  may even a f f e c t  i t s  productivity. 

A manual in te rp re ta t ion  of t h e  December  1977 Landsat  (sa te l l i te)  i m a g e  of t h e  

p r o j e t  area-shews %ha% 56% ef the Gzrnbiz f3asin-md 4% -af the s a u t h e u s p a ~ ~ f t h e  
Senegal Basin had a l ready  been burnt. (The nor thern p a r t  of t h e  Senegal  Basin i s  alrnost  

50% denuded and  t h e  incidence of f i r e  i s  t h e r e f o r e  low, 13%.) Another  technique used to 

e s t i m a t e  burnt a r e a s  is  a "road survey." T h e  presence of f i rebreaks  in  t h e  zone allowed 

access i n t o  a lmos t  a l l  p a r t s  of t h e  Gambia  River  Basin area.  T h e  odomete r  o n  t h e  vehic le  

is then  used t o  measure  t h e  pe rcen tage  of road-length t h a t  is burnt. This technique w a s  

done  by Oickie  (1982: 42) a n d  Niamir (1984). T h e  resul ts  are presented in Tab le  3.15. 



PEKCENT O F  ROAD LEP1C;TI.I BURNT IN 
CAMBI!\ RIVER BASIN AREA 

1979- 1984 

i 

1979a 1980a 1 982/83b 1983/84b 

Length of road surveyed (km) 2 1 1.0 2 1 1.0 50.0 230.0 

I ~ e r c e n t  burnt 47% 49% 70 % 49 X - 
SOURCE: a ~ i c k i e  (1982); 

b ~ u r  vey data. 

Even though we only have sampled data,  the figures suggest that  a very high 
percentage of rangelands a r e  burnt every year. Most of the bushfires s t a r t  as soon as the 

rains s top (in early October  so!netitnes). The winds a r e  normally southwest a t  this t ime 

and rnost fires art: tlback-sburningol ones. These early fires a r e  less destruct ive since rnost 
herbaceous species a r e  still green (especially the dicots) and the  burn tends to  be patchy. 

Uut most of the  fires occur in t he  November-January period when a l l  herbs a r e  br i t t le  and 

dry. These f i res  tend t o  be very strong and may last 2-3 days covering many hectares. A 

few small fires were observcd in the February-!May period in 1984, but they do  not last 

long mainly because a major portion of the biomass has already been burnt. 
Various reasons have been given for these bush fires. The most important aopears  t o  

b e  honey-gathering (which i s  done by smoking the bees out  of their I~ives). Another reason 

is hunting part ies  which traditionaiiy a r e  held a f t e r  the harvest in December. These 

parties sometimes use f i re  to  snloke out  the  deer, Finally, the  campsi tes  where c a t t l e  

have been staked for 2-4 weeks a r e  burnt both before camping ( to  reduce the  brush) and 

a f t e r  (to kill off t icks and other  par.asites). Some of these fires may accidentally spread. 

There a r e  both advantages and disadvantages t o  yearly burning of a n  annual 

herkaceorns community. These a r e  presented in Fable 3.16. Penning d e  Vries (1982) 

provides a more detailed review of these effects.  Note tna t  the  Project Area had had 

more perennial grasses then there would have been the  added benefit of fresh, green 

regrowth from these plants, 

In rainy season of 1983 and 1984 i t  was possible t o  take  a closer iook a t  the e f f e c t s  of 
f i re  on the ecology of t h e  area. One slttr was found, on sandy soils of t h e  foothill range 

, 
type, tha t  was known t o  have been burnt an one  s ide (north) of the road for  the  past two 
consecutive years, while t h e  o ther  side (south) had not  been burnt, Observations on both 

sides showed that the soils w e r e  similar, and t h a t  t he  grazing pressure was similar. The 



TABLE 3.16. 

AL3VANTAGES AND DISADVANTAGES OF YEARLY BURNING ON 
ANNUAL HEKUACEOUS COhlMUNITIES 

-- - - - - 

1,. Reduces accumulation of l i t ter  
which may impede germination, 
and may result i n  stronger 
fires that would burn more 
trees. 

2. Makes the ash (phosphorus, 
po tassium, magnesium and 
calcium) rnore readily available 
to the plants. 

3. Reduces ticks and parasites. 

4. In  some cases, encourages more 
desirable plants to do~nina te. 

Disadvantages 

Loss of organic matter, nitrogen 
and sulfur with a corresponding 
loss of up to 15% in  the next 
year's biomass (as estimated from 
models. See Penning de Vries, p. 352). 

Increase in evaporation of soil 
moisture due to reduction of 
cover. 

More susceptibility to wind and 
water erosion due to loss of 
cover. 

A greater hornogeneity in the 
plant community (which lriay or may 
not be desirable). 

tree and shrub layer were counted (density) while the frequency-biomass method was used 

on the herb layer. Unfortunately, we cannot extrapolate much rnore than two years from 

these data because their "fire historyN before 1983 i s  not known. I t  is known, only, that in 

jailuary 1374, December 1977 and March 1980 (when remote sensing data are available) 

the north side - had been burnt, and the south side had not. 

The changes in  the vegetation community of the two sides are apparent in wet season 

1983, but they are much more prominant i n  1984. A comparison of the two sites shows 

the following significant points: 

higher relative frequency of grasses i n  the b l~rn t  area (84516 grasses in 
burnt vs. 50% in nonburnt - however, there was also a reduction in  
Cenchrus bifloris in burnt area); 

e reduction in  legumes in burnt area (especially Zornia glochidiata); 
- -- -- -- - - - -- -- - 

0 reduction in herbaceous species richness; 

0 reduction of up to 20% in total herb biomass i n  second year i n  burnt area 
(possibly compounded by reduction in  rainfall) rnost of this i s  reduction in  
dicot biomass; 



m raduction in tree species richness (burnt area was 34% of nonburn t); 

e reduction in  tree and shrub density in burnt area (-24%); 

a rlelative reduction of trees, and a reiative increase of bushes (esp. 
Guiera sense~alensis) in burnt area. 
-I.,- 

It appears that on sandy soils,, yearly fire tends to encourage Ci~iera sene~alensis and 

sane grasses,, while discouraging trees and legumes. On loamy soils it was not possible to 

find a suitable research site. However, a subjective evaluation shows thlc main difference 

between loamy and sandy sites to be a relative increase of the bush Combretutn 

plutinosum_. Chherwise, the same increase in grasses and reduction in legu~nes is also 

observed. 

The data are not totally definitive, but they tend to show that yearly fires create a 

change i n  the vegetation cornmimity that would probably favor the cattle, but  certainly 

not thc sheep or goats, nor probably, the ecology. However, technically, it probably would 

be advantageous to burn the pasture at regular intervals (3-5 years). More studies are 

needed to 1dr:tertnine the most beneficial fire treatment. The problerns involved in 

regulating and controlling the fires are discussed in Chapter 4. 

3.4.1.3,, Conclusions 

In conc:lusion, it must be emphasized that the pastures in the project area are annual 

herbaceous communities of fairly moderate total biomass which have a good floral 

mixture of palatable species, especially a wide range of native legumes. They generally. 

have a good tree and shrub density, also of high palatability. This makes the rangelands 

suitable to a wide range of domestic and wildlife animals. However, the pastures are 

highly susceptible to termites, droughts and fires. This makes the availability of forage 

quite variable and nearly uncontrollable not only over t h e ,  but also in its distribution 

Over SpiXe. 

3.4.2. - Forage Nutritive Quality Analysis 

W e  are fortunate nowadays of seeing much laboratory analysis of the nutritional 

quality of tropical feed. These have been published in at least three major books: F A 0  

(1981), IEhlVT (1978), and Bogdan (1977). The detailed analysis of the quality of 

pasturelands is ultimately useful for evaluating the feed intake of livestock. - -- - 
The general situation in the project zone, as elsewhere in the Sahel, is characterized 

by a relatively, high quality feed intake during the wet season, followed by very low 

quality feed during the dry season. The live-weight and milk production of cattle are very 

much alffected by this recurrent cycle, whereas sheep and goats, because of their greater 
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consumption of woody species,  d o  not g o  through t h e  s a m e  cx t re ines  and mainta in  thei r  

live-weigh t re la t ively  cons tan t  year-round. 

The si tuation for t h e  cattle: in t h e  d ry  season, as bad a s  i t  may look, is no t  to ta l ly  

disastrous. During t h e  bite-count survey i t  was  observed t h a t  c a h e  will inc rease  thei r  

c o r ~ s u n ~ p t i o n  of f ru i t  pods of t r e e s  as af December. This includes scavenging f o r  baobab 

frrrit in compet i t ion with sheep, goat!i and monkeys, I n  addition, t h e  letaves of t h e  

nsndecidious Roscia seneaaler& a r e  a major  p a r t  of the  d i e t  a l l  during t h e  d ry  season, 

and as young shoots of t r e e s  such as !>terocarpus lucens become available in AprilIMay 

they a r e  a lso  consumed, T h e  l ivestack cont inue t o  lose weight in t h e  d ry  season, but 

probably a t  a slower r a t e  than  if they did not  have th i s  browse. Finally, c a t t l e  and small  

ruminants rnay spend 15-30 rnirrt~tes e a c h  day licking sa l ty  bedrock t h a t  becomes exposed 

in eroded areas. 

Another crucia l  period i s  t h e  "July Crisis." Ouring this tirne, t h e  f i rs t  ra ins  a r r i v e  t o  

wash away rno~st of t h e  standing hay and deposit  them in thick m a t s  in t h e  s t r e a m  beds. I t  

rnay then t ake  o n e  t o  ewo weeks for t h e  new grasses  t o  grow high enough t o  be  grazed.  

During th i s  t ime, t h e  l ivestock consume t r e e  shoots  and 4-5 spec ies  of bulbous plants  

(Crinum pauciflorum, Asparagus Pauli-Culiehni, Dipcadi lon~i f lo rum) ,  which a r e  high in 

prote in  content ,  but re1ative:ly low in f ibre  and  bulk. This probably t rans la tes  in to  higher 

milk production but no t  a n y  visible weight gain. In addition, t h e  incidence of bloat is 

increased because t h e  l ivestock rnay consume young legume shoo ts  (esp. -- Cass ia  Tora}. 

Table  3.17. provides s o m e  calcula t ions  on t h e  quali ty of feed  in t h e  d i e t  of c a t t l e  and 

goats. Digestible C r u d e  Prote in  (DCP) i s  a n  index t h a t  is sensit ive t o  seasonal variations. 

The calcula t ions  show t h a t  o n  t h e  a v e r a g e  both c a t t l e  and p a t s  consume a ra t ion  t h a t  has  

high DCP con ten t  during t h e  rainy season. This  DCP c o n t e n t  i s  equal  t o  t h e  theore t i ca l  

need for l ac ta t ing  goats,,  C a t t l e  receive  m o r e  than  t h a t  necessary fo r  ~ n a i n t e n a n c e  and 

lactation,  but  less  than  t h a t  needed for a 100 &day growth in live-weight. 

With the  beginning !of t h e  d ry  season, t h e  DCP consumed decreases  bu t  i s  st i l l  above  

wha t  i s  required t o  main ta in  a lac ta t ion  animal. Af te r  January  until tiie end  of t h e  d ry  

season, t h e  c o w s  consume less  and  less DCP, losing their  rainy season weight and  a lmos t  

reaching their ba re  main tenance  requirement.  Therefore ,  t h e  c o w s  t h a t  cont inue t o  

l a c t a t e  in t h e  d ry  season, are probably losing even  more  weight. The goats ,  on t h e  o t h e r  

liand, consume G i ~ l ; i - r Z X - a ~ G i n t ~ Z ~ e l g K € - w R i ~ ~ a r ~  attduring-rhdry seasorr;- - -- 

Samples o f  leaf  m a t t e r  f rom eight  wood spec ies  w e r e  co l l ec ted  in J u n e  1983 (end of 

dry season)) and analyzed by t h e  physicochernical l a b  of LNERV in Dakar. T h e  resul ts  a r e  

presented in Tab le  3.18, T h e  T o t a l  Digestible Nut r i en t s  (TDN) for  Combreturn ~ l u t i n o s u m  



133 

00. 
h

 
of 
-
.1
 

r-" 
$ LLI 
L
I
 

E 
0
 

L
, 

W
 

TI 
0

, 
>

 
.- L aJ 
TI 
aJ 
L

 

$ V
)
 

Y
 





TABLE 3. 8. (con't.) i 

I 

Plant and i ts  Parts 

~ d a n s o n i t  digi tata 
[young leqves) 

I 

Balani tes aegyp tiaca 
(young l e  ves) i 
Boscia se e alensis 

e g  :old leavep) 

Parts per million 
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TABLE 3.18. (conlt.) 

NOTES: a) Digestible Crude Protein i s  derived from IEMVT (19713, p. 432): 

' W ,  DCP = %CP-4.5 

b) Total Digestible Nutrients i s  derived from IEMVT (1978, p. 433): 

X TDN = -202.686 - 1.357 (CF) t 2.638 (EE) t 3.003 (NFE) + 
t 2.347 (CP) t 0.046 ( c F ) ~  + 0.647 ( E E ) ~  t 

t 0.04 I (CF) (NFI~) - 0.08 I (eel (NFI~) + 
t 0.553 (EE) (CP) - 0.046 ( E E ) ~  (CP) 

c) Metabolisable energy (mcal) is calculated as: 

ME (McalIKG) = TDN ~I~~DILI x 3.56 
1000 

d) Unit6 fourragike - is derived from IEMVT (1978, p. 439): 

UF per KgDM = 



both species which makes them relatively less preferred. 13ut they arc ~pparerlt ly not 

toxic and will be consumed by a l l  livestock i f  there i s  no other alternative. Uoscia - 
senegalensis has the highest trace mineral content which is surpasses only by Dalanites -- 
ae~yptiaca's iron content. Adansonia d i ~ i t a t a  and Balanites ae~ypt iaca both have high 

macrornineral contents especially calcium and potassium (the leaves of these two species 

are also eaten by people). 

Table 3.19. provides a comparison of the theoretical daily mineral reqtiire~nents of 

catt le and goats i n  the tropics (McDowell, 1983) and the availability of minerals provided 

by the sampled browse in the dry season. Assuming that only browse provides significant 

amounts of trace minerals i n  the dry season, the table shows that catt le are probably 

deficient in al l  rnacroelernents, as well as in copper and zinc. Goats appear to be 

deficient in  phosphorus, potassium, copper and possioly rnagnesiurn. 

3 .4.  Community Productivity Studies 

The previous studies, biomass and nutrit ive quality, indicate the productivity of the 

rangeland in  one static point i n  time. However, the herbaceous community a l l  during the 

wet season is in a dynamic state of production and decay where nutrients are converted 

into new plant cells while cells i n  old leaves, roots and other plant parts die and 

decompose. I n  addition, grazing may result in a stirnulation of renewed growth, in some 

cases surpassing the growth of nongrazed plants. Therefore, i t  is useful to evaluate the 

net primary productivity (NPP) of the rangeland (that is, the chemical energy stored after 

losses through respiration). 

The technique chosen to evaluate NPP, the clipping study, i s  a crude but simple 

method. This technique does not exactly measure the NPP, but i t  does evaluate the 

effect of grazing, as simulated by manual clipping of the plants. Recommendations 

obtained from the clipping studies can be used as guidelines for rangeland use; however, 

they must be taken with caution since they carmot take into account a l l  of the factors 

involved with grazing, such as trampling and uprooting, the action of saliva on plant cells, 

nonuniform cutting of plant stand, selective grazing, etc. 

The five clipping studies done i n  the rainy season of 1983 were intended to simulate 

the effects of continuous grazing at  different intensities. The two clipping studies done i n  

1984 were meant to ref lecr discontinuous or rest-rotation grazing. The clipping studies 

were done on the three major range types in the Cambia Basin (ironstone, floodplain and 

strearnbed), on the foothills range type of the Senegal Basin, and on a stand of Andropopon 

gayanus which may be found,, albeit rarely, on both sides of the continental shelf. 



\1 THE Dl iY SEASON - 1983 

percent of dry matter 

Microelemen ts 

parts er million 

Survey data and literature. 

aFor cattle, the calculations are based on a diet corripostiion of 25% browse and for 
goats 30% (see bite-count survey). 

b ~ h e  mineral needs are daily requirements derived from IllcDowell (1983) and LEMVT 
( 1978). 

CFigures are for a 250 kg lactating cow. 

d ~ i ~ u r e s  are for a 50 kg lactating goat. 



The clipping sites were located in  low use areas so that the potential productivity 

could be evaluated. Observations were made of the newly germinating plants and 

still-visible seeds, in  order to verify the exact location of each site. These sites were 

then marked and a 2m x 1,5m area was fenced off just before the rains. Inside the plots, 
2 24 equal-sized squares of YO0 crn (30 cm x 30 ctn) were marked off by ironstakes (rebar) 

and fine wire (see Figure 3.4). 

There were a total of five treatments in  each plot. Each square was assigned to the 

treatments using a random-table, so that there were adequate replications to account for 

norrnal variations in  the cotnmunity. The treatments for al l  studies are presented in Table 

3.20. and illustrated in  Figure 3.4. 

TAaLF, 3.20. 

1983-84 CLIPPING STUDIES AN13 TKEATXIENTS 

Treatment 
-- 

1%) (continuous) 

cut 90% every month 

cut 75% every month 

cut 50% every month 

cut 25% every month 

no cut 

Survey data. 

1983 (discontinuous) 
-- - - 

cut 50% every month 

cut 90% once in early vegetative stage 

cut YO% once in mid-vegetative stage 

cut 90% once in flowering stage 

no cut 

After each cut, the plants were divided into rnonocot and dicot piles, dried and 

weighed separately for each square. A final cut was done a t  the end of the growing 

season (beginning of dry season) in  al l  squares a t  stubble-height, and dried and weighed 

accordingly. Wherever possible, the plants were divided into individual species piles. The 

cuttings during the rainy season, when added together, reflect the rainy season 

productivity. These can be converted directly into a stocking rate using 9 kg of 

f *u&T[% lllX.13 !q$u~jTI\yp?-n-(JJ&T -= JJpi& hL9-T-  =@.g&p- .- 

250 kg cow and her calf). The cutting a t  the beginning of the dry season reflect the total 

amount of forage leftover for the dry season. Its stocking capacity i s  calculated as 

2124 kg/UBT/dry season, using only 50% of the remaining forage. 

Table 3.21. provides a summary of the results. The following pages give the detailed 

analysis for each range type studied. 





TABLE 3.21. 

ESTIMATED STOCKING RATES AND CAPACITIES FROM CLIPPING STUDIES 
(all figures i n  hectares1U~T per season or yearj 

- - 

Range Type 

Ironstone Wa 
D a 

A l l  Year 

Floodplain W 
D 

A l l  Year 

Streambed W 
0 

A l l  Year 

Foothil l W 
D 

A l l  Year 

And. tiayb W 
U 

1983 Treatments 

NU'I'LS: a W  = wet season (120 days); D = dry season (245 days) 

1984 Treatments 

b n l y  the results from the Andropogon Cayanus stands are reported, not a l l  biomass. W1 
refers to gm D L \ / ~ ~  biomass of  Androponon tiayanus le f t  over a t  the end of  the season. 



3.4.3.1. I ronstone pla teau 

The 1983 s tudy showed tha t  this i s  t h e  only range  type  t h a t  has  a higher t o t a l  

productivity if i t  i s  heavily used during t h e  wet season. A continuous 75% t r e a t m e n t  no t  

only favored t o t a l  biomass, but a lso  a r e l a t i v e  inc rease  in  d ico t s  and t h e  "sweet grasses1' 

(such as Schizachyrium nodulosum). The  1984 s tudy showed t h a t  th i s  heavy use i s  m o s t  

benef ic ia l  if i t  c o m e s  ea r ly  in t h e  vege ta t ive  s t a g e  of t h e  plant  community.  T h e  t w o  

s tudies  may  b e  t aken  t o  show t h a t  a recommended use  of t h e  i ronstone range  type  would 

be heavy use in t h e  we t  season (on t h e  o r d e r  of 0.7-1.5 ha/UUT/ 120 days) preferably  

concen t ra ted  in July, and a moderate ly  high use  in t h e  d ry  season (1.8-2.8 ha/UBT/245 

days). This Is mathemat ical ly  equivalent t o  a potent ia l  capac i ty  of 1.5 ha/UBT/year. T h e  

average  biomass outs ide  t h e  fenced plot  a t  t h e  beginning of t h e  d r y  season 1983 w a s  

1794/kg/ha, which is  roughly equivalent t o  t h e  25% use plots during t h e  wet  season in t h e  

clipping studies. This  suggests  t h a t  t h e  i ronstone range type, on t h e  average,  is being 

underuti l ized a t  p resen t  in t h e  wet  season. 

3 . 4 3 2  Floodplain (Gambia) 

This range type  appears  t o  be  very sensi t ive  t o  cu t t ing  during any  p a r t  of the  w e t  

season. Even a low continuous c u t  (25%) resu l t s  in significantly lower t o t a l  biomass a n d  

t o t a l  dicot. However, a low use appears  t o  favor  a re la t ive  inc rease  in grasses. In a c y  

case, in both 1983 a n d  1984, t h e  biomass avai lable  at t h e  beginning of t h e  d ry  aeason, as 

well as t o t a l  yearly biomass is  g r e a t e s t  if th is  range type  i s  not  used during t h e  w e t  

season. If this  recommendat ion i s  followed, t h e  pas tures  c a n  b e  s tocked at a r a t e  of 

0.7-1.0 ha/UBT/245 d a y s  of t h e  dry season, o r  a mathemat ica l  po ten t i a l  capac i ty  of 

1.1 ha/UBT/year. T h e  average  end of season biomass outs ide  t h e  fenced  plot  w a s  

1806 kg/ha in 1983, which i s  equivalent t o  a 50% use in t h e  clipping studies. This f igure  

suggests  t h a t  th i s  r ange  type  i s  cur ren t ly  overut i l ized during t h e  w e t  season. Th is  finding 

i s  conf i rmed  by t h e  fact t h a t  virtually a l l  of t h e  denuded lands in t h e  Gambia  Basin w e r e  

originally of t h e  floodplain range  type. 

3.4.3.3. S t reambed  (Gambia) 

The streambed mngt -'type if t h e  wtesi- pmtkiethe a ~ e z  iri Ehe p~* zime~ L'r 

produces highly pa la tab le  grasses  as well as trees and  shrubs. Yet i t  e f fec t ive ly  c o v e r s  

only 0.3% of t h e  C a m b i a  River  Basin, The  clipping study done in 1983 shows t h a t  t h e  

highest  t o t a l  biomass was  obta ined wi th  no u s e  in t h e  w e t  season. Low to no use in t h e  

w e t  season also favored  t h e  legumes and o t h e r  dicots. If th is  recommendat ion i s  followed, 

t h e  range type  c a n  b e  s tocked as high as 0.2 ha/UBT/245 days  of t h e  dry season. 



Mathematically this is equivalent to 0.3 ha/UBT/ysar. The average biomass outside the 

fenced plot at the beginning of the dry season was 4925 kg/ha, which 1,s equivalent to a 

25X use during the rainy season in  the clipping studies. This suggests that the streambeds 

are currently being overutilized in  the wet season. 

3.434 Footliill 

Tnis is the only range type studied in the Senegal Basin. The 1983 clipping study does 

not show as clear a gradation as it does in  the other range types, However, i t  suggests 

that a heavy continuous use i n  the wet season tends to favor an increase in total biomass 

and in grasses, while reducing somewhat the biomass of dicots. Considering the role of 

this range type in ai l  of the project zone, i t  should probably be used in the wet season 

(0.5 ha/UUT/l20), and the dry scason (2.3 halUbTI24S days) This gives a mathematical 

equivalent of 1.2 halUBTJyear. The average biomass outside the fenced study plot in  

September 1983 was 2634 kg/ha, which i s  equivalent to a 2 3 9  use in the clipping studies. 

This suggests that currently the site is underutilized in the wet scason. 

4 . .  Andropo~on Gayanus 
4 

This clipping study was intended to situdy the productivity of the perennial grass 

Andropaqon Gayanus, I n  al l  of the project zone there remains only rare patches of this 

species in well-watered areas such as streambeds and the foothills (the latter have sandy 

soils over clay that retain relatively more soil moisture). The clipping study was intended 

to show the productivity of this species while in competition with annual species. The 

results only presented the bioma? of the Andropoffon Cayanus. They suggest that a 

moderately high (50%) continuous use of this plant during the wet season allows a 

relatively high stocking rate (0.13 ha/UBT/ I20 days) which results in  less standing biomass 

a t  the end of the wet season, and relatively more regrowth during the first part of the dry 

season. This is understandable since the mature !itand normally has tall, fleshy stems (as 

high as 2m) which, i f  le f t  impedes the vigor of regrowth. The act of burning the stand 

beginning of the dry season would probably have similar if  not better regrowth 

I t  appears that a good management strategy would be to use the Andropoaon Gayanus 

C heavily i n  the wet season, and then either cut the mature standing hay (it makes good 
- -  -- - - -- _ - -  - -  

roof-thatch) or burn it, i n  order to allow cattle access to the grass regrowth. 

I A l l  of the clipping studies seem to suggest that the livestock should not be allowed to 

use the floodplain and streambed arcas during the wet season and instead, should be taken 



to the ironstone and foothill areas, which incidsntly are less prone to compaction than the 

loamy soils of the floodplains. With the advent of the dry season, livestock could be 

allowed back into the floodplain and streambeds again. The results from the Andropo~on 

*anus study are slightly inconsistent with this conclusion since the Andropogon Gayanus 

stands also occur in  the streambeds. I n  the final analysis, i t  is best to forage any benefits 

from grazing the rare patches oS Andropo~on Gayanus, in order to safeguard the 

floodplains and streambeds. However, i f  the spatial extent of the Andropogon Cayanus, 

by some miracle, starts to increase, then i t  may become profitable to use the Andropogon 

Gayanus-dominated areas. 

3.4.4. Succession and Retrogression Studies 

Since nearly 10% of the project area i s  already denuded and another 10% i s  estimated 

to be degraded and on its way to denudation, much of the research activities emphasized 

the understanding of the causes, processes and impacts of rangeland degradation. 

80th ttdegrcdationlf and "denudation" are relative terms. Whether an area i s  degraded 

or not, and the degree to which i t  is degraded, depends ultimately on the objectives of the 

management strategy, Denudation, on the other hand, is easier to define since i t  can be 

based on a measurable reduction in the vegetation cornrntunity. However, the exact point 

at which an area becomes denuded is usually unclear, and much argument can surround a 

decision as to whether the land is irreversibly denuded. Another related term is the much 

abused word "desertif ication," The popular press has inflated the definition rnuch beyond 

its original meaning, ie., a geographical expansion of the desert (UN Conference on 

Desertification, Nairobi, 1977). I n  this report, denudation wil l  refer to the process by 

which the soil loses i t s  vegetation cover. Degradation w i l l  refer to the general stages 

before denudation sets in. 

There are two major types of denudation currently prevalent in Africa north of the 

equator. The first is denudation of coarse sandy soils which may result i n  the formation 

of moving dunes. This type of denudation appears almost exclusively north of the 300 mm 

isohyet and is rare until one reaches the 150 mm isohyet (Penning de Vries, 1952: 360). 

The second type of denudation occurs on sandy loam to lalamy soils anywhere north of the 

900 mm isohyet, i t  covers a much Larger geograpIiicii1 area €Ran €fie f k t  tme of 

denudation, and is much more prevalent in  the 300-600 mrn isohyet zone. 

There are many causes of denudation in  the Sahel, and each factor may aggravate 

itself and other factors. One such factor is  the inherent quality of the soil. Loamy soils 

are very sensitive to erosion precisely because of their heterogeneity. Thus, a reduction 

in soil cover can quickly expose these soils to both wind and water erosion. In  addition, 



they  a r e  more  susceptible t o  compact ion than c lay o r  sandy s ~ i l s .  This compact ion can b e  

produced e i t h e r  by raindrop impac t  o r  by trampling. Again, a reduct ion in soil cover  c a n  

increase  these  e f fec t s ,  leading t o  a compac ted  soil where  most  seeds  cannot  f ind 

condit ions sui table  t o  germination,  and where  wa te r  and most  r o o t s  cannot  penetra te .  In 

t h e  end, these  denuded a r e a s  c a m  become severely  cornpacted ( somet imes  reaching a bulk 

density of 1.82). 

There  a r e  four major reasons  for t h e  reduction in soil c o v e r  in t h e  project  zone, a i l  of  

which t o  a g r e a t e r  o r  lesser d e g r e e  a r e  applicable e lsewhere  in t h e  Sahei. O n e  reason i s  

drought, which has  periodically a f f l i c ted  t h e  Sahel, and will probably cont inue t o  d o  so. 

Drought weakens and reduces  t h e  productivity of t h e  plant community  s o  t h a t  t h e  " sa fe ty  

margin" be tween  exploitat ion and overexploitat ion is  reduced. Although drought by itself 

m a y  not be a causal  agent ,  i t  does  never theless  compound t h e  e f f e c t s  of o the r  factors.  

A second reason i s  t h e  reduction in t r e e  cover. Live t r e e s  a r e  c u t  for  const ruct ion of 

fences ,  houses and barns. Cooking f i res  consume a very l a rge  a m o u n t  of wood. However 

most  of  th is  fuelwood consists  of dead fallen branches  s ince  they  tend to burn easier. The  

t r e e  cover  not only p r o t e c t s  t h e  soil f r o m  high winds and raindrop impact ,  but i t  a lso  

provides shade for  t h e  herbaceous  layer. Without th is  shade, most  herbaceous species  

could no t  withstand t h e  2-3 week dry  spells  t h a t  occur  frequently ear ly  in  t h e  rainy season. 

C e r t a i n  f e a t u r e s  of t h e  cul t ivat ion system also play a n  impor tan t  role in t h e  

reduct ion of soil cover. Most cu l t iva ted  fields a r e  located on t h e  floodplain a r e a s  where  

slopes may b e  as high a s  3%. In t h e  rainy season the re  is  a loss of topsoil primarily 

because  plowing does  not follow t h e  contour  of t h e  land. In t h e  dry  season, a f t e r  t h e  

l ivestock have g razed  off a l l  t h e  c r o p  residue, t h e  so i l ' r emains  exposed t o  t h e  s t rong 

winds. 

But by f a r  t h e  most impor tan t  f a c t o r s  contributing t o  soil degradation in t h e  

floodplains a r e  grazing and trampling by livestock. Because  of t h e  n a t u r e  of t h e  soil and 

grazing pat terns ,  these  e f f e c t s  a r e  much m o r e  des t ruct ive  in t h e  rainy season than in t h e  

dry  season. 

In t h e  dry  season l ivestock will tend t o  g r a z e  off whatever  remains  on t h e  soil around 

villages. T h e  des t ruc t ive  role  of sheep a n d  g o a t s  i s  more  impor tan t  in t h e  dry  season than  

that & eitctk s k e  the -fei.nei~ i.emi& oft tk iioodpiaim, nut mrmirrg further t k r r  %3 

f r o m  t h e  village, and tend t o  browse o n  any  surviving bushes a n d  trees. On  t h e  o ther  

hand, c a t t l e  in t h e  d ry  season t end  t o  m o v e  o n t o  t h e  ironstone p la teau  in o rder  to g r a z e  on  

t h e  shor t  grasses,  such as Schizachyrium nodulosum and t o  browse on t h e  Boscia 

senegalensis t h a t  dominates  t h e  t e r m i t e  mounds. 



However, in  the rainy season, the destructive role of cattle becomes relatively more 

important. With the first rains the herbaceous vegetation starts to germinate earlier in 

the streambeds than elsewhere, and cattle w i l l  congregate on these areas. In  this season 

the floodplain and riparian range types support a variety of palatable grasses and 

legumes. Thus the fragile slopes of the floodplains feeding the drainage ways are heavily 

trampled which gradually results i n  a compaction of the subsoil. I t  i s  only at  the end of 

the rainy season, when the grasses enter their flowering stage, that livestock will move to 

the ironstone plateau. But by then, as far as the floodplains are concerned, i t  i s  already 

too late (see section 3.2.1.3.). 

Aerial photographic interpretation of the Project Zone shows that in 1983 a total of 

22,674 ha of land were already denuded. Fourteen percent of this i s  in  the Cambia Basin, 

and the rest in  the Senegal Basin (most of i t  concentrated close to the Senegal River, 

especially between Courel Alassane and Uakel). A comparison of aerial photos from 1953 

(only available for Cambia Basin) and 1983 show a very depressing picture of expanding 

degradation. Figure 3.5 provides an illustration of the expansion of denuded lands around 

some villages. Table 3.22. shows the hectares of denudation. 

The data show that on the average there has been a yearly rate of increase in 

denuded land area of 5.65 ha per village per year in the Gambia Basin. 

Section 3.6.1 wil l  deal with the problem of revegetating the areas that are already 

denuded. This section wil l  t ry to  describe the changes that may occur in the vegetation 

community. One of these changes i s  due to increasing grazing pressure, which is referred 

to as "retrogression" of the community. The   succession^^ of the community refers to the 

changes i n  the opposite direction, ie., the successive changes from a highly used state, to 

a nonused state. 

The only reliable way of studying the succession is to  actually fence off  an area. Two 

sites, each a hectare i n  size were fenced off  i n  October 1984 using metal posts and 

tension sprung barbed wire. One site is in the Cambia Floodplain and the other in the 

Senegal floodplain. Both are located i n  areas thaz are well into the degradation cycle. 

The successional chznges may be visible even after the f irst year especially in  the 

herbaceous strata. Lt i s  recommended that a long-term effort  be maintained in  
- -- - - 

collaboration with LNEKV/ISRA to monitor these? sites. 

I n  1979180 Dickie (1982) conducted an extensive survey of the woody species of the 

(equivalent of the) Cambia River Basin's ironstone and floodplain/streambed range types. 

As part of this survey he was able to correlate the changes i n  the vegetation community 

with the distance from permanent or temporary water-points. I n  that survey he concluded 



FIGURE 3.5. 
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that there i s  a negative relatior~ship between the dlstonce to water and tha dorninancrs of 

shrubs. In  other words, as the distance decreased, the dominance of shrubs incr~cased. 

TAULE 3.22. 

DENUDED LAND AREA IN GAMBIA BASIN, 1953-1983 

Toulekedi 

Boulel and Thick6 

I Ndiya and Velingara 1 188.7 1 372.6 

M baniou, Ndiakone and 
Gonad6 193.6 517,8 

Diare M bolo, Caralla, 
Diare Maboube and 
Medina Guiraye 316.2 1325.9 

SOWOI n/ a 23 5.5 

Total (without Sowol) 875.9 2908.3 
? 

SOURCE: Survey data. 

Dlf ference Average lncreasc 
% 1 ha per year 

In  1984 we were able to conduct another survey on the retrogression of the plant 

community. This study was done on two range types: floodplain (Cambia) and foothill, 

with loamy and sandy loam soils respectively. The study consisted of choosing 4-5 sites in 

each range type. The five sites were located in  an increasing distance from a village 

(permanent water-point). I n  order to verify that the sites indeed reflected increasing 

grazing pressure, data were collected on two other variables: (1) biweekly collection of 
2 livestock manure from a 100 m permanent plot in  each cite and (2) placement of five 

cages (one meter square each) before the start of the rains. At  the end of the rains the 

biornass in  the cages, as wed1 as outside the cages, were cut, dried, weighed, and compared. 

' The herbaceous data were measured every month by counting the number of - 

- 
2 i_nrlivirllll!4iq -20 s-m-----urh;rh--*-* 

permanent line transect. The woody species were measured by counting the number of 

individuals larger than 0.5 crn i n  diameter, and recording their basal diameter, i n  LO x 
2 300 m plots i n  each site. Other data collected include: (I) nurnber of seeds per square 

meter in 3 different soil depths before the start of the rains; (2) number of seeds per 



Individual in e e c h  key species; (3) soil t ex tu re ,  bulk density, d o p a  and  infi l trat ion rate! 

and (.I0\ w e  ground ~ ~ O ~ R S S  ai key spec:ies. T h e  full  analysis of th is  d a t a  i s  t h e  subject  

of t h e  author 's  doctoral, t l~esis.  Howcver, t h e  sa l ient  resul ts  will be discussed here  with a n  

e y e  toward t h e  development  of a managcrncnt s t ra tegy.  

T h e  resul ts  of t h e  study t a  date show t h a t  t lwe i s  indeed a retrogression rn both  t h e  

herbaceous  and woody s t r a t a  of t h e  plant  community.  Table  3.23. r esen t s  a summary of 

some o f  t h e  results. The  %;ragesH r c f e i  t o  a gradual  change f r o m  I equalling no 

degradat ion t o  5 eqcnal!ing par t ia l  t o  fir11 denudation. The indicator  p lants  a r e  no t  

necessari ly t h e  d a m i a a n t  species  in their  s t r a t a ,  but  a r e  plants  tha t  invade o r  a r e  

relat ively rnore abundant  in t h e  par t icular  stapp. T h r e e  sa l ient  points c a n  be  der ived f rom 

t h e  results. On t h e  o n e  hand the re  Is a d e c r e a s e  in to ta l  herbaceous  biomass associa ted 

with increasing grazing presrliw-e, Secnnctly, t h e r e  i s  cr general  t r end  f i r s t  toward bushes 

and  hardy diccts,  and t h e n  toward plants  (whether  herbaceous a r  woody) with deeper  roo t s  

t h a t  c a n  withstand t h e  re la t ive  d e c r e a s e  in sail moisture  availability. Thirdly, t h e  e x a c t  

sequence o f  p lants  depends  very much on the soil type. For  example,  i t  c a n  b e  seen t h a t  

Aeschynomene Schimperi  i s  a n  indicator of s t a g e  5 in t h e  foothills (sandy soils) but of 

s t a g e  2 in t h e  Senegal floodplain (loamy soils). 

The  l ist  of indicator  p lants  c a n  be  used in a flexible resource  management  s t ra tegy ,  

They c a n  become par t  of a n  "early warning system" t h a t  is used t o  assess t h e  condit ion of 
t h e  range  by range  technic ians  and herders. The  number of animals  al lowed on a n y  

pas tu re  would then b e  increased o r  decreased  depending on t h e  condi t ion/s tage of the 

pasture* This point i s  e labora ted  in t h e  Range Management Plan. 

3 . 4 .  Conclusions and  Kecommendat isns  

The  s tudies  done on t h e  range productivity t o  d a t e  show t h a t  t h e  rangelands a r e  

composed of a n  annua l  nerbaceous  community  with a good mix ture  of grasses  and  na t ive  

legumes. They a lso  support  a n  impor tan t  woody s t r a t u m  t h a t  h a s  many pala table  species. 

'The range  as a whole i s  primarily suited to a diversified industry of smal l  and  l a r g e  

ruminants. 

However, t h e  rainfall  p a t t e r n s  resul t  in a t remendous variabil i ty in t h e  availabil i ty of 

t h e  annual  biomass. Th is  variabil i ty i s  apparen t  no t  only in  t i m e  (eg., be tween  years), bu t  

a lso  in s p a c e  ( f rom o n e  spo t  t o  t h e  next). T h e  lack of con t ro l  over  t h e s e  f a c t o r s  means  
- -- -- -- - - - - -- - -- -- - - -- - - 

1- t h a t  t h e  management  s t r a t e g y  has  t o  remain  flexible and a c u t e l y  a w a r e  of smal l  changes  

i n  t h e  productivity of t h e  land. 

T h e  f o r a g e  is of a fa i r ly  high qual i ty  in t h e  w e t  season, but th i s  quali ty quickly f a d e s  

as t h e  d ry  season advances. T h e  presence of nondecidious t r e e s  during t h e  d ry  season is a 





helpful boost t o  livestock diet. However, studies suggest that  the  livestock a r e  faced with 

protein and some mineral deficiencies. Supplementation of the  diet of livestock would 

probably result in impressive gains in milk, live-wei8h.t and work-energy of livestock. 

Bush f i res  devas ta te  almost 50% of the rangelands every dry season. Not only does 

this mean less forage in the dry season, but studies also suggest tha t  yearly bush fires tend 

to  result in a n  increase of less desirable bushes and a decrease of legumes. In te rms  o f  

thq ecology and the livestock industry this i s  not a desirable trend. However, fires at 

regular (3-5 year) intervals would probably be beneficial. Uut t o  implement these 

beneficial fires, much more control needs t o  be exerted over people and pastures. 

Studies of t he  community productivity suggest tha t  if cer ta in  range types (especially 

floodplain and streambeds) a r e  not used during the wet season, then their overall 

herbaceous productivity and the theoretical stocking potential would increase. These 

results a r e  incorporated in the  Range Management Plan. 

Studies also show that  denuded Land areas  have been increasing a t  an average r a t e  o f  

5.6 ha per year per village since 1953. The main causal agent is overgrazing especially 

during the  wet season. Therefore the  solutions must include, on the one hand, 

revegetation of a reas  already denuded, and on the other, prevention of fur ther  

degradation. 

In order to verify and complete  the da t a  on the  range productivity, the following 

research activities a r e  recommended: 

0 Continuation of yearly biomass studies on existing sites; 

0 Research on the  productivity of the  woody species; 

0 Continuation of research on the  ecological impacts of bush fires; 

0 Continuation of the  monitoring of succession and retrogression study sites; 

0 Grazing trials on the  two important range types (both of t he  floodplains) 
or, if resources a r e  limited, continuation of the  clipping studies. 

3.5. RANGE STOCKING CAPACITY AND POTENTIAL 

The usual method of calculating stocking capaci t ies  is t o  divide the theoretical 

forage  need of livestock by the amount of forage avaiIabIe which is measured f W u g R  

biomass studies (section 3.4.1.). However this method is not totally satisfactory because 

i t  only provides figures on t h e  dry season capacity. In addition, this method assumes tha t  

livestock have access t o  2 parts  of tt.e range, however remote  they may be from a 



source of water. Finally, this method does not take into account the many detailed 

variatiot~s in the rangeland's productivity, nor the contribution of trees and shrubs to the 

diet of 1ive:stock. Given these reservations then, the figures provided in Table 3.24. must 

be taken with much ske,.rt.icism, and used only for providing a guideline to the general 

capacity of the rangeland. 

3.5.1. theoretical Calculations 

Table 3.24. compares the actual stocking capacity in the dry season for a moderately 

good year (1983) and a bad year (1984). I t  also provides the potential stocking capacity. 

This theoretical potential is derived from the clipping studies done in 198311984, and 

assumes that the best treatment is followed. The data show that, at  least for the range 

types that were studied, the potential dry season stocking capacity is much higher than 

the actual, even in  a good year. The only exception is the ironstone plateau which appears 

to be overused in  a good year's dry season, but underused in the wet season (see section 

3.4.3. I). 

Unti l  such time as the recommendations from the clipping studies can be 

implemented, the rangelands wil l  at  best be used according to the actual stocking 

capacity figures. Therefore, the following calculations have used those figures. These 

cai;lrlations unfortunately ignore the important contribution of trees and shrubs to the 

diet of the livestock, since data was not available. Therefore, the stocking capacities 

have erred on the conservative side. 

Assuming that in  the dry season, 50% of the rangeland is burnt, and only 67% of the 

rangeland is accessible to livestock (tocause of the lack of water), and 10% of the land is 

denuded, the figures show that t h s e  could be 27,530 UBT grazing on the Gambia Basin 

range, for the entire dry season in a &cod year. However, in a bad year, there could only 

be 10,810 UBT for the dry season. The comparable figures for the Senegal Basin are 

17,600 UBT in  a good year and 11,110 UBT in  a bad year. 

Recent livestock censuses of the project zone show that there are approximately 

9,500 UBT in the Cambia Basin, and possibly 10,000 UBT in the Senegal Basin in the dry 

seasons (these figures do not include the livestock of nomads nor the livestock of the 

project villages that are forced to go on transhumance). It appears that the project zsne 

as a whole may sti l l  have some surplus capacity but only in a good year. I n  a drought 

year, the "safety marginw becomes too Karrow; 

By opening up nonused pastures through water development, and controlling bushfires 

down to 9 manageable 5%, the dry season stocking capacities could be increased to 

30,600 UBT in  the Cam& Basin and 31,500 i n  the Senegal Basin even in a drought year. 





3.5.2. Conclusions and Recommendations 

Theoretical calculations of the actual  stocking capaci t ies  in the project a r e a  show 

tha t  given the present conditions of lack of adequate  water distribution, losses of up t o  

50% in yearly biomass due  t o  bush f i res  and 10% of denuded land surfaces, t he  ac tua l  

stocking r a t e  (ie., number of animals actually on the  range) is very close to the  stocking 

capacity of a dry season in a bad '(drought) year. This stocking capaci ty ma), be increased 

in good years. However, given tha t  for the  past ten years w e  have had more bad than 

good years, then the stocking r a t e  should not be allowed t o  increase beyond i t s  present 

limits. I t  is  recommended that  until t he  present resource constraints a r e  resolved, the  

stocking r a t e  be kept under a ceiling of 10,000 UBT/dry season in the Gambia Basin, and 

1 1,000 UBT/dry season in t he  Senegal Basin (this applies t o  al l  livestock, not just cattle). - 
I f ,  however, bush :ires could be controlled, denuded a reas  could be revegetated, water  

points could be developed in decentralized areas, and herders could be employed 

year-round (in order t o  follow the  recommendations on range use) then the stocking 

capacity could probably increase by 300%. 

3.6. KANGE IMPROVEMENTS 

The range improvement program had two major objectives. The first was t o  find 

ways t o  revegetate  denuded a reas  and to  recommend degradation prevention methods. 

The second was t o  evaluate  t he  e f f e c t s  of  the drought on t h e  rangeland, and to study the  

need fo r  the  introduction of new forage species. 

3.6.1. Revegetation of Denuded Areas 

Section 3.4.4. gave a detailed explanation on the  causes and processes of degradation 

and denudation. I t  i s  c lear  t ha t  a tw+pronged approach t o  t h e  solution is needed. On the  

one hand, livestock management pract ices  must be modified in order t o  prevent further 

degradation. This i s  discussed in t he  Range Management Plan. On t h e  other  hand, the  

existing denuded a reas  must be revegetated in order to  prevent further erosion of the  soil. 

There a r e  four major types of denuded a reas  in t h e  project zone, most of which occur 

in the floodplains of both the  Gambia and Senegal Basins. Figure 3.6 provides a n  
% 

illustration of these main denuded soils. 

The f i rs t  type, labelled I1sandy mound,ll refers  t o  t he  initial process of soil erosion. 

Trampling tends to  loosen t h e  top few cent imeters  of soil, while compacting what is 

underneath. Rain and wind will, e rode  the  finer soil oarticles on the  surface. leavine 





behind the sandy particles, which in turn, will cling to any remaining grasses or shrubs. 

Therefore the area has the appearance Of islands o i  sandy mounds. 

The second type of denudation is rebelled ltcernented pnv~rnent.'~ tiere, al l  the 

grasses on the sandy mounds have been grazed and tha sands eroded, leaving an almost 

smooth, very compacted, soil surface. Lichens w i l l  tend to take over and cover the 

surface. Because of the compaction, water infiltrates only 5-10 cm into the soil, 

therefore trees and shrubs cannot survive. Only a few, short, hardy grasses can survive, 

along with some perennial bulbous plants (Liliaceae family). Permanent metal markers 

hi\d been placed on one cemented site in April 1913. These were monitored the folluwing 

year, and i t  was found that on the average the top soil had eroded by 1.2 cm in depth -- 
this is equivalent to 193 tlhirlyear, which according to the FAO, is classified as a high 

rare of erosion (FAO, 1979). Where lichens have covered the surface, there i s  less erosion 

of the mi!, but lichens also reduce even further the infiltration rate of water because they 

tend to absorb three times their volume in  water, and thus create an impermeable layer 

over the soil. 

Wherever there are small cracks in  the soil, water erosion may take hold and create 

eroded gullies. The beginning stages of this process result i n  1-10 crn drop-offs with the 

soil being deposited on the downward side of the gully. This is the third type of denuded 

area and is labelled I1gully." The fourth type, labelled Mmoonscape,'o i s  an advanced stage 

of the gully formation. Here the erosion exposes the subsoil (C-horizon) in  the gully. The 

remaining soil is alkaline and cannot support any vegetation. No attempts were made to 

revegetate these moonscapes. It was felt that these areas were too far advanced in  the 

erosion process and nothing, short of transporting virgin soil, would rejuvenate them. 

I n  thc 1983184 period, five techniques for revegetating denuded areas were tested in 

the Garnbla Uasin area. The main objcctivc of thc exprri~ncntation was to find il 

technique that would be feasible on a large scale, and would use local resources. The 

experiments were donc on four sites, each site being 1/2 ha, although not al l  sites 

received the same replications. 

3.6. I. 1 . Fencing 

Fencing was done to enclose the study site, using local techniques. This consisted of 

wooden posts spaced 90 cm apart, with three rows of cross-bra~r:i.b.: tying the posts 

togethiif. Spiny 6rush were thenntTdto the hnce. The iesult was a pretty sturdy fence 

that even a goat would have a hard time getting through. An attempt was made to use 

only dead branches, but there were relatively few . that were stil l in good shape. - 1 
Therefore, the people had to cut live branches. This, of course, contradicts the whole I 



purpose of the attempts at revegetation. In  general i t  took 20 men one day (8 hours) to 

build 100 m of Iencc (this includes collecting and transporting the wood). 

In gencral i t  was found that most of the fence posts had to be replaced at least once 

every year (more often i f  they were knocked down by animals) because of termites and 

wind damage. The spiny brushes had to be replaced frequently, especially in the dry 

season because of the wind. 

I t  was found that fencing, by itself, only had a positive effect on the sandy mound 

type o,f denuded areas. I n  these areas the process of denudation i s  only just beginning, and 

a simple cxclosure (ie., elimination of grazing) does result in an increase in the vegetation 

cover. However, fencing i s  not enough on the other three types of denudation. 

3.6.1.2. Oead- W ood Dikes 

This technique involved the placing of small wooden dikes on the soil that were 

perpendicular to the slope (following the contour lines). As much as possible dead tree 

trunks and branches of a t  least 10 crn in  diameter were used. I f  the slo+c was steep, then 

m a l l  retaining stakes (also wooden) were drilled just downslope of the dikes. Wherever 

the tree trunks did not touch the soil, the gaps were filled in with smaller pieces of wood. 

Tht: result, in  the ideal cases, was a continuous diking of the soil. 

The principle behind this technique has been tried elsewhere in .Mali (Penning de 

Vries, 1982: 440) and i s  illustrated in  Figure 3.7. The dead-wood dikes act as retainers of 

both the soil as well as seeds, so that in the rainy season the plants (mostly grasses i n  the 

first year of succession) can take hold i f  they are not grazed. In  addition, their roots can 

become quite vigorous and help to loosen up the compacted subsoil. In subsequent years, 

the pileup of soil expands, more herbaceous plants establish themselves, and eventually 

the soil's infiltration rate increases enough to allow the growth of trees and shrubs. 

In general, i t  took 20 men one working day to place dikes that were 4 m apart on 

116 ha of land (including transportation of the wood to the site). The dikes were subject 

to some attack by termites, but the rate of replacement of the wood was not very high. 

The results of the experiment were encouraging. The technique was more effective 

on the cemented and the gully types of denuded areas. The dikes were effective i n  

preventing the advance of the gully, and in  revegetating the areas downslope of the gully. 

I n  the -. - first - year of the - experiments, A - - - - - - - the - vegetation cover in  the gullies doubled (from 
- - -  - 

1.5'116 to 3.8%), and the number of different herbaceous species increased from 2 to 6. 

On the cemented soils, the soil pileup increased from 0 to 20% percent of the cover 

i n  the first year, but did not significantly increase in  the second year. The vegetation 





- - - --- - -- 

3.6. I .  Ripping with bulldozer 

Another cemented site was chosen i n  May 19114, and the soil was ripped using three 

bulldozer-teeth that were placed one meter apart. The ripping was achieved a t  a depth of 

up to 50 crn. It took one bulldozer one hour to r ip  a 113 ha area. The ripped lines were 

cover increased from 0 to 1% i n  the f i r s t  ycar (rind did not increase significantly in the 

second ycar). 

The lack of cumulative cffects of the dead-wood dike into the sccorid year lnay be 

due to the fact that the dikes were spaced too far apart (4 m). A 2-meter spacing 

between &he dikes would probably be more effective. 

3.6.1.3. Tree plantinq 

Ouring the retrogression studies (section 3.4.4.) i t  was noted that Acacia Senegal 

appears to outlast other trees on degraded soils. Therefore seedlings were raised in the 

project's nursery, and along with seedlings of Parkinsonia aculeata, were planted on the 

sites. Individual pits of 50 cm depth and 50 cln diameter were dug 5 meters apart. The 

seedlings were planted along with two handfuls of pulverized shccp rnanure, and they were 

watered once by hand. I t  took 2b men four i~ours to dig and plant 500 seedlings (this does 

not include raising or transporting the seedlings). 

I n  general i t  was found that the Acacia Senegal perforlned better than the other 

tree. However, the date of planting was too late in  the rainy season, and the majority of 

trees died during the dry season. I n  addition, the author does not expect the trees to 

survive in the long run because of the lack of a herbaceous cover that would reduce 

compaction of the soil and allow infiltration of water to the roots of the older trees. 

36.14 Kipping with draft anitnals 

This technique was used only on the cemented soils. A pair of oxen were hitched to 

the local disk, and the soil was ripped up to a depth of 10 cm. The work was done 

immediately after a rain but even so, the soil was very hard, and the blade could not go 

any deeper. I t  took two men and two oxen three hours to rip lines that were spaced 4 tn 

apart and followed the contour, on 1/6 ha of land. 

The results were remarkable. Wherever the blade had loosened the soil there were 

grasses and even some dicots. However the et iect was not cotnulative; in the second year 

the vegetation cover was slightly less than the first year, unless the soil was ripped again. 

In addition, it appeared that some of the loosened soil had been eroded off. Finally, there 

was a problem of labor shortage: with the first rains the people are busy plowing and 

sowing i n  their fields, and there is no time to plow den~ded areas. 



secdod with Cenchrus cllinris var. Cayndah, Canchrus cliiarls var. u, Aeschynornenc - 
falcata, and Macroptillurn ntrotlurourcum, at a rate of 3 kgfha. 

The rate of vegetation growth in  the first year was not impressive. Of the seeded 

plants, ail germinated except for Cenchrus ciliarls var. Ca~ndah. Other local species also 

invaded the area, such as Panicum laetum and Zornia plochidiata. However, the overall 

density of herbaceous plants was very low (on the average 10 plants per ripped meter). It 

appears that, at least in the first ycar, the ripping turns over large blocks of compacted 

soil. As a result, most seeds get buried too deep with the ensuing rains, and only some 

find suitable conditions for germination. I t  is possible that the second year lnay see a 

positive cumulative effect. 

The Service Caux et Forets program in  planting gum arabic plantations shows rnore 

positive results. They used a tractor-drawn single ripper on less compacted soils to draw 

lines on which the seedlings could be planting. One of thcir unexpected results was a lush 

growth of herbaceous plants on the rip lines. 

3.6.1.6. Conclusions 

Of the four techniques that worked the soil, each technique has its advantages and its 

disadvantages. The dead-wood technique is effective and cheap but it will take Inany 

years to have a full  impact. The ripping by local disk is also effective, but the problem of 

th ing  and labor shortage will be difficult to surmount. Planting seedlings all by 

the~nselves is probably not worth the while in the long run. Tractor or bulldozer ripping is 

probably the fastest way to revegetate the cemented areas, but the costs are high, and 

the means are available only through the Government. 

The best solution for revegetating the denuded areas appears to be a mixture of all 

the techniques tested. The most effective way would be to rip the soil (rip-lines spaced 

one meter apart), plant Acacia Senepal in the lines every 5 meters, and place dead-wood 

retaining dikes every 5 meters downslope of the trees (the dikes would not be necessary on 

perfectly flat land). This combination of techniques would allow a rejuvenation of the 

soil, of the herbaceous layer and of the woody layer, all at the same time. In addition, the 

extraction of gum arabic from the trees would be an added revenue for the villages. 

The diking could be done by the people's own resources. .4 properly managed village 

nursery program could supply the Acacia Senegal seedlings. However the ripping would 

most probably have to be done by the government services or the project. Not only is 
- - ---A- -- -- - -- - .- - - - - - - - 

there a problem of labor shortage during the ripping time, but also at the rate in which 

the soils were ripped by the draft oxen, it would take each village on the average 3 years 

to rip all the denuded areas around the village (assuming 8 hours of work per day, and two 



draft teams per village). In  addition, ox-ripping is not very dcep and has to be dono 

repeatedly at  lziist for the first 2-3 years. Thc extent of the denudation is sirnply too vast 

to rely only on tho people's resources. The project (or thc Government) rnust contribute 

to the effort. 

Since most of the experlrnents were carried out with the participation of the people, 

i t  was possible to assess their reaction. Most people are aware of the overtall problem of 

expanding degradation. However, they either do not make the link between that and 

overgrazing, or i f  they do, they are not alarmed because they see so much rnorc 

nondegraded land available. 'Thc situation does not appear to be a crisis tor them, even 

though i t  may appear so to the technician. I n  the first year of the experiments the peoplc 

were willing to participate as long as the project was willing to push them. A t  the end of 

the first year's experirnent, World Food Program donations (sorghum, oil, etc.) were given 

according to thc level of participation of the villages. In  the second year of the 

experirnent, some villages refused ta continue the work unless they were promised more 

donations. I t  is clear that much more extension and education is needed in order to 

convince the people of the future implications of the degradation. 

3.6.2. lntroduc tion of New Forage Species 

Since the 1968-1972 drought in  the Sahel, profound changes in  the species 

colnpositiori of rangelands has been observed by various researchers. These changes have 

been sustained in the 1975-1984 period by frequent smaller droughts. Two years are not 

enough for assessing the exact impact of 'these droughts in  the project zone, nevertheless 

discussions with various researchers i n  Dakar and Uamako, studies of project reports and 

discussions with local people, have provided two rnajor observations. On the one hand, the 

northern l imi t  of  ljombax costaturn, a tal l  tree of the Sudanian Kegion, has progressively 

moved south. On the other hand there has been a marked reduction i n  the density and 

geographical extent of perennial grasses and forbs. A t  present there are only two 

perennial grasses i n  the project zone: Andropo~on gayanus whose occurrence is now 

restricted to  streambeds and waterlogged depressions, and Aristida l o n ~ i  P lora which 

occurs only rarely on the foothills. Among the perennial forbs there are five species of 

the Liliaceae family, two of the Amaryllaceae family (all fairly well distributed) and one 

very rare species of the Legu~ninoseae family. - - - - -- - -  - -- -. - - - ---- - - 
The purpose of the forage trials program was to test the adaptability OX exotic, 

drought-tolerant perennial grasses and legumes. The eventual aim would be to try and 

replace the local perennial herbs that had been decimated by the drought. A denser 



population of perennial herbs i n  tho rungclaricls would provldc grctlrl fcod liltor into flio dry 

season, protect the soil horn erosion, and provide rcgrowth after a fire. 

At  first thc idca of increasing the cxlstlng, local population of ~ I n d r ~ o j ~ o n  Gp_ynnus - 
was discussed. Out tka wperiencc of the PI;)I!SO Projuct In 'Tarnbacourrda discourogcd this 

Idea. The PUBSO had tried to propagate the &vhopo~on Chynr~us by tillorv ( i t  IS nor~rli l l ly 

very diff icult to propogata I t  by seed) but hihd found that the success rate was very low, 

and i t  took too much manpower (Diaw; personal corn~nunic~tlon). For our project Area, 

where the average rainfall is 100 mln lower than in  the PI.)CSO area, the s~~cccss rate 

would probably have becn even less. 

In  19113 and 1984 n total of 89 different forage species and varieties were planted in 

the Mbaniou Zone. The perforrnance of a l l  these species under rainfed conditiotls was 

evaluated in both years. Most of the species were planted in  a 30 m x 30 m fenced site'. 

The trees were first grown to secdling i n  a nursery, and then transplanted to the site. The 

shrubs and llerbsceous species were al l  seeded by hand i n  a plowed and prepared bed. In  

1983, the entire site was weeded twice. In  1984 only the seeded areas were weeded, but 

the rest of the site was not, so as to reduce soil erosion. The trials site had previously 

been cultivated with millet and sorghum. Appendix A. provides a description of the soils 

in  the site which i s  characteristic of the Gambia floodplain range type. Of the remaining 

species that were tested, some species were planted on the degradation-con trol 

experimental sites, and others were broadcast onto existing pastures. Apl~endix D. 

provides detailed results on a l l  forage trials. 

Of the trees and shrubs that were tested, Acacia Senegal and Parkinsonia aculeata 

seem able to withstand the harsh conditions on the degraded areas. 4s discussed i n  

section 3.6.1, these two species should be incorporated into a prograrn for the 

revegetation of denuded areas. Leucaena leucocephala and Cajanus cajan are also 

adapted to local conditions but, would pcrforrn much batter i f  they were irrigated from 

time to time. I n  addition they can only be planted on good loamy soils. It is 

recommended that these two species be planted i n  and around village so that their double 

values of forage and edible beans could be exploited easily. It is also recommended that 

the project rejuvenate the nursery program. This can be done either in  a centralized 

fashion (nurseries i n  each zone's base), or decentralized (village-based nurseries). The 

latter would probably be more effective. 
- - -- - 

Two o f  f i e  perennial grasses, Cenchrus c i l iar~s (varieties Cavndah and Nunbank) and 

Panicum antidotale appear to be able to  survive given the rainfall conditions i n  the area. 

The Cenchrus see. were very impressive a l l  year round. During the second rainy season, 

C.C. variety Cayndah gave a total of 12.8 tonslha of forage with three cuttings, and C.C. - - 



3.7. COl\lCLIJSli>NS AND 1UZCOMh.lENUATlONS 

There are various techniques for restoring dewded lands. Each of the f i v ~ ,  techniques 

tested has certain technical and economic advantages which make them appropriate for 

different soils and vegetation characteristics. However, the extent of the denudation is 

aiready so vast, that the people cannot be expected to revegetate i t  al l  by ttiernselves, no 

rnatter what technique they use. The project must take on a rnore active role i n  

motivatirlg and assisting the people i n  this task. 

The recent droughts have taken their to!l on the rangelands. A few exotic drought 

tolerant perennial grasses and legufies appear to be adaptable to the project zone. More 

work needs to be done on finding an easy, appropriate way of disseminating these plants 

into the pastures. Other herbs and trees appear to be adaptable to the regeneration of 

degraded ;reas. 

A few exotic plants were found to be adapted to conditions around the vil la~es. 

These inclur4e forage trees that could be planted inside the village compounds, new bean 

crops that could be planted in  association with the local sorghum or  nill let, and some 

legume plants that could be planted as a fertility-raising fallow/crop. It is recommended 

that the project emourage village-based nurseries and seed multiplication plots to supply 

the village's seed and seedling needs. 



4, EVALUATION OF PROJECT ACTIVITIES 

This chapter provides an evaluation of seven dif ferent prbjec t activities pr i~nar i ly 

from the range managetnent point of view. Wherever appropriate, an attempt i s  made to 

evaluate these activities from a larger perspective. 

4.1. W rtl'ER CATCHMENT PObIUS 

The ro!e of the water catchment ponds in  the use of rangelands has been discussed in 

section 3.2.1.2, The hydrological performance of the ponds has been evaluated in  the 

Sails/ Water Engineering Kepor t. A synthesis of these ;wo reports provides the following 

observations on an overall water development strategy i n  the Garnbia Uasin. 

The lnain objectives of water-point development in  the project zone are three-fold. 

The f irst objective is to provide water in the distant rangelands in order to make these 

pastures accessible to livestock. The second is to provide year-round water i n  these 

pastures so that the animals would not have to congregate around the village wells. The 

third objective is to ensure that there is some form of control over the number of animals 

that can use the water-point. 

The water development program implemented thus far has consisted of 20 ponds and 

tee repair o i  a few existing wells. This program has on!y partially achieved the f irst 

objective. The distant pastures are being used because of the existence of the ponds, but 

they are not being used al l  year. By not achieving the second objective, the ponds have 

only partially fulfilled the first. 

On the other hand, the ponds have achieved the third objective of controlling 

livestock numbers, because they provide a finite amount of water. Ud ike  bore-wells and 

most of the local wells, only a finite number ~f animals can drink from the ponds before 

they run dry. This has meant that the watzr-points created by the project have not 

become a magnet for vast numbers of herds from outside the project zone. 

Tiie Soils/Water Engineering Report shows that the main reascrn f ~ r  the failure of the 

ponds in  giving an year-round supply of water, is due to the very high inf i l trat ion rate 

from these ~onds  (gu_p 0 %  of the total   volume^ This & because tk p o j e c t  zone - --- - - -- 
primarily has coarse sandy loam soils which have very high inf i l trat ion rates. 

There are only two areas, i n  a l l  of the Cambia Basin side, that have finer, clayey 

soils: Koli Mare and Dudi Mare, both existing natural ponds. Koli  Mare was deepened in 

Apri l  1984 from a half meter to a 5-meter depth. The performance of the pond irnproved 

very much a t  least until mid-Oc toher, when the range manager le f t  the country. Given i ts 



appears to be very high i f  the plants are protected from grazing. Since it would be 

diff icult to control the livestock, i t  is recommended that certain nonpalatable, 

fast-growing trees (such as Eucalyptus a. or Neem) be raised in  a nursery and 

transplanted around the ponds. In  their first year, the seedlings would have to be 

protected from trampling by animals by using thorny branches. Figure 4.1 provides a 

windbreak design for a typical pond. 

As far as the Cambia Basin i s  now concerned, the water development strategy should 

consider three different alternatives: 

pcrforrnance during the dry spells of the rainy asason, i t  is expected that this new I<oli 

Mare wil l  have water at least two rnonths beyond its original lifetime, The advanta,ge of 

deepening the natural ponds i s  that they already have a good circle of trees around them 

that reduce the evaporation rate, The other natural pond, Dudi Mare, i s  very large ( I  

kilometer long by 200 meter wide). In i t s  natural state, this pond lasts until February in  a 
3 good year. I t  i s  recommended that a t  least two basins of 4000 m capacity be dug in 

different parts of this pond. It i s  expected that the l i fe of this pond could also be 

ex tended by at least two rnonths. 

In the Cambia Uasin area, there are no more appropriate sites for building good 

catchment ponds. However, the problem of reducing infiltration on the existing ponds 

should be considered. There are various teclmiques that can be used: plastic or metal 

sheeting, asphalt or cement, salt or bentonite, etc. A l l  of the techniques would increase 

the cost of the ponds. Some of them may not be available locally, or may require high 

maintenance costs and expertise. However, i f  the infiltration rate could be reduced even 

from 90% to 5 5 % ,  then there would be enough water in  the ponds to feed the existing 

number of livestock for the entire dry season (even including a 1 5 %  evaporation loss which 

i s  overly conservative). If the infiltration rate was further reduced to 30'36 (which i s  the 

average long-term effectiveness of most pond lining rnethods!, then each pond could water 

as much as 50U UBT for the entire year. In  other words, the 20 existing ponds could 

adequately water the 10,000 UBT potential capacity estimated for the range for a l l  of the 

dry season. 

I t  i s  also worthwhile to consider the planting of trees (windbreaks) around ponds in 

eider to reduce the evaporation rate. Up to now, the project has been using heavy 

rnachinery to clean out the ponds' sediment. Therefore i t  was not possible to plant trees 

around the ponds. However, this should be done i n  the future. The sediment from pcnds 

should be cleaned every 2-3 years using a tractor or draft-drawn scoop. This would not 

damage the trees. 

The rate of natural revegetation around the pond where the bulldozers have disturbed 



DIAGlZAhI OF A TYPICAL WINDBREAK DESIGN 
FOR WATER CATCHMENT PONDS 

Design Criteria:  
- - -- - - - - - - - - - - - -- - - - -- -- - - - -- -- 
I. Every m e t e r  o f  tree-height will cover  6 m e t e r s  o f  pond; f ierefore ,  T m  poT6length- -' 

needs a 12m-tall t r e e  (such as Eucalyptus spp., and 40m needs a n  8 m  t r e e  (e.g., 
Neem). 

2. Because o f  wind dynamics around a t ree ,  every m e t e r  of tree-height requires a 
12m-long windbreak; 

3. In most  cases ,  t h e  windbreaks will have t o  ex tend  into t h e  natural  vegeta t ion cover. 



e no further investrne~\t; 

0 improvement of ponds by reducing itrfiltration and evaporation, 
and biannual maintenance; 

0 abandoning ponds and investing i n  wells. 

The first alternative is favored by those who think that the problems are unsolvable 

and further investment would be a waste of resowces. The range manager feels that the 

project area and most of the Boirndou is a very important potential resource for the 

country's livestcck industry. With some additional investment a viable resource program 

would most probably be developed. In  addition, the problem of expanding degradation, 

with i t s  roots in the constraints facing the livestock sector, threatens to affect the 

national ecology, and further investment into a range and water development program i s  

indispensible in solving the degradation. 

Table 4.1. provides a summary of the advantages and disadvantages for the remaining 

two zlternatives. 

The water in  the natural and art i f icial ponds was tested for bacterial content by the 

lnstitut Pasteur in  Dakar. They concluded that there was no difference in the bacterial 

count even in  the f i r s t  year of the pond's life. I t  would be interesting to test the 

dif f ercnce in  the parasitological con tent of the ponds. 

The aquifer i n  the Cambia Uasin is a nonrechargeable but continuous aquifer. Wells 

can probably be dug almost everywhere and touch water. However, they have to be deep 

(40- 100 m) and they tap a nonrenewable resource. I n  addition, the experience of the 

DOESO Project to the South has been negative i n  the sense that their outlying wells are 

not being used by local herds (because there are no herders accompanying them to draw 

water) but rather have attracted nomadic herds or even entire villages who resettle 
"1 

around the wells. However, on the positive side, these wells can be dug through local 

resources. There are itinerant well-diggers who can use dynamite and cement for the 

wells when necessary. 

The conclusion drawn from these observations for the Gambia Uasin water 

development strategy, favors investment into solving the infiltration problem of existing 
-e-kw -- th-+ the ponds .would be _ - 

higher than that invested in wells. I n  addition, the ponds would assure a greater degree of 

control over the number of animals, and therefore would not aggravate the problem of 

overgrazing. 

Up to now the ponds have been seen as an experimental exercise by the project. No 

thought had been given to the ownership of the ponds: who was responsible and who could 



TABLE 4.1. 

ADVANTAGES AND DISADVANTAGES OF INVESTING I N  IMPKOVEMENT 
OF WATER CATCHMENT PONDS VEKSUS CONSTRUCTING NEW WELLS 

IN THE GAMMA BASIN AREA 

Advantages  

Disadvantages 

Ponds 

I. Fini te  wa te r  source,  
t h e r e f o r e  easy  con t ro l  
over  l ivestock numbers. 
2. No hurnan labor required 
t o  g ive  water  t o  livestock. 
3. Uses su r face  wa te r  and 
saves  on t h e  nonrechargeable 
(fossil) aquifer. 

1. Requires  main tenance  of 
technique used t o  reduce  
infiltration. 
2. Has  as much disease- 
bearing paras i t e s  and 
bac te r ia  as natural  ponds 

-- - 

Wells -- 
I. Has  no evaporation o r  infiltratior 
problems. 

2. C a n  b e  done by local means. 

1. Uses a nonrecharg,eable 
quifer. 

2. Kequires labor (or mechanical  
investment)  t o  pull water. 

3. Mey a t t r a c t  more  animals  i n t o  
t h e  Area. 

SOUKCE: Survey data .  

use t h e  ponds'? Even though t h e  ponds have now been assigned t o  respect ive  ?ast.oral uni ts  

(see sect ion 4.7), t h e  original mis take  was  in not  ge t t ing  t h e  people involved in t h e  

const ruct ion of t h e  ponds (whether  through cap i ta l  o r  labor investment). However, i t  is 

not  too  l a t e  t o  involve them in t h e  improvement  and maintenance of t h e  ponds. 

I t  is recommended t h a t  a wate r  development  s t r a t e g y  for  the  Gambia  Basin be  

in i t ia ted t h a t  would d o  research on improving t h e  ponds, would test a few techniques f o r  

reducing infi l trat ion,  would design and implement windbreaks, and would organize  a 

"Water Development Commit tee"  in e a c h  pastora l  unit  wi th  t h e  primary iunct ion o f  

improving and maintaining t h e  ponds. 

In t e r m s  af t h e  management  of range resources, t h e  ponds a r e  very appropr ia te  t o  t h e  

with sui table  soil and geographical  condit ions (such as t h e  Niger De l ta  in Mali, o r  t h e  Sud 

of Sudan). The  c o s t  of t h e  ponds is  prohibit ive if t h e  s a m e  designs a r e  maintained. 

However, given suitab!e soil conditions, and a reduction in infi l trat ion,  t h e  ponds c ~ u l d  b e  

made  much smal ler  and probably cheaper. 



'The wate r  development  problems in t h e  Senegal Uasin a r e a  a r e  much more  complex. 

Ponds cannot  b e  buil t  t h e r e  because  t h e  soils  are coarser  and t h e  major  s t reambeds  are 
ravines with very s t e e p  slopes. Like t h e  C a m b i a  Uasin, this  a r e a  a l so  b {s a few i ~ a t u r a l  

ponds t h a t  could be  deepened. On  t h e  o ther  hand, t h e  groundwater  aquifer  is 

discontinuous and nestled in t h e  chao t ic  folds of the  schist  and  q u a r t z  bedrock, so  t h a t  i t  

would t a k e  a t r u e  diviner t o  s t r ike  water ,  There fore  wells, too, c a n n o t  b e  t h e  main 

solution. i t  s e e m s  rnore appropriate,  on t h e  whole, t o  study t h e  e f fec t iveness  of o t h e r  

water-harvesting techniques (such as m e t a l  runof f-aprons and tanks). The  deveiopmen t 

s t ra tegy  for t h e  Senegal Basin is f a r  f rom clear. Much m o r e  resea rch  and 

exper imentat ion i s  needed t o  develop t h e  strategy.  I t  i s  recommended t h a t  t h e  p ro jec t  

hire a full-time hydrologist t o  t e s t  t h e  appropr ia teness  of o t h e r  water-harvesting 

techniques in t h e  Senegal Dasin area. 

4.2. FIKEHKEAKS 

The original  plans of t h e  project  for f i r e  control  were  based on a sys tem of f i rebreaks  

with watch towers  in s t r a t e g i c  locations t h a t  would house permanen t  observers. These  

observers would notify the  an t i f i r e  br igades  in t h e  villages who would then  f ight  t h e  f i r e  

with water-carrying u n i r n o ~ s  and hatchets.  I t  eventually became c lea r  t o  rnany people 

t h a t  this program w a s  too complex. T h e  idea  of unirnogs, h a t c h e t s  and  permanen t  

observers was  abandoned fairly ear ly  in t h e  projects '  l i fe  (especially a f t e r  noticing t h a t  

none of t h e  people w e r e  willing t o  even  c l i m b  t h e  wa tch  towers!). 

Sinc* then, approximately  185 km of 7 meter-wide firebreaks have been cons t ruc ted  

and rnaintained every year  by t h e  project 's  heavy equipment. The rate of regrowth of t h e  

vegeta t ion i s  very  high, and in alrnost a l l  c a s e s  t h e  f i rebreaks  have t o  b e  c leaned every  

year. Most of t h e  fircs s t a r t  in t h e  month  of October.  There fore  t h e  f i r ebreaks  have  t o  

be  c leaned in t h e  month of September  ( they cannot  be c leaned ee r l i e r  s ince  t h e  herbs will 

grow back). It was a l so  found t h a t  t h e  f i r ebreaks  t h a t  a r e  perpendicular t o  t h e  di rect ion 

of t h e  wind a r e  no t  very  e f f e c t i v e  in stopping t h e  f i r e s  ( the  winds typically corne f rom t h e  

e i t h e r  t h e  east o r  t h e  west). A s t rong wind c a n  easily send e m b e r s  flying ac ross  t h e  

pe rpend icdar  lanes. T o  be  truICy efZecfive, I& pta@ct wucrkf p ~ u ~ y  have tu butid- 

ano ther  150 k m  o f  east-west  f i rebreaks  in t h e  Cambia  Basin alone. 

In various mee t ings  wi th  t h e  p ro jec t  population, t h e  question of cleaning these  

f i r ~ t a r e s k s  has  been brought up. T h e  people  had wanted t h e  heavy machinery to cont inue 

bui!.!iqg new f i rebreaks  s ince  they saw t h e  f i rebreaks  as being beneficial. They had 

suggested t h a t  a t  leas t  some of  t h e  lanes  could easily b e  kept  c l e a n  s ince  they  were  a lso  



used as roads. tlowever, this applies at the most to only one-fourth of the total lanes. 

The people did not know how they could c l w n  the rest of the lanes with their own 

resources, Some thought can bc given to designing draft-drawn scoops or scrapers that 

co~t ld be dragged on the soil. But even i f  these scrapers were totally effective, i t  would 

probably require about 20 teams to clean al l  the firebreaks in  the onc month of September 

every year. The month of September is also a heavy weeding period and not much time 

can be taken off from the farms. Therefore the problem of cleaning the firebreaks is not 

simple, and would require a lot  of cooperation and planning among villages lor pastoral 

units). 

Another aspect that requires a lot of management i s  the organization of antifire 

brigades. Traditionally, each village will send out its people to put out a fire that 

threatens tlrc village or i t s  fields. The people cut branches off evergreen trees and use 

these to beat down the fire. The work i s  hard, and the best result i s  that the f ire is 

diverted from the v i l l a ~ e  even though the fire itself continues to burn elsewhere. The 

major constraint to establishing antifire brigades for the bush has not been the lack of 

motivation, but the fact that the head of the f irecan be miles away from the village. The 

people cannot be expected to reach that area in  time to stop a major portion of the range 

burning. Therefore they sensibly concentrate on defending what they know is within 

lirnit; of their resources. 

Unfortunately the problem of controlling bush fires i s  more complex than anyone ever 

imagined. Firebreaks and fire brigades do not produce she desired impact. The policy of 

the Ministry of Protection of Natural Resources, implemented by the local Water and 

Forestry Service i n  Bakel, is destructive in  the long run since i t  imposes a paramilitary 

solution on a social problem. We are stil l far from finding a viable, short-term solution. 

However, the project's extension efiorts, and the fire control topics in  the syllabus of the 

Functional Literacy Program may help to create a new generation of f ire-conscious 

people i n  the long run. 

It is recommended that the project attempt to  find and introduce alternative methods 

of honey gathering and hunting that would not require the use of f i re (see section 

3.4.1.2.). I f  the incidence of f i re due to these two causes were reduced, the extent of f ire 
hnTe be i b  ----a I-.--'- .. - I A -& & F ~  *&. T k  wim '& && ve&m '-%=-'-- 

of bush fires must concentrate on changing the causes as well as curing the symptoms. 



paper, Since then the program has been revitalized. A few studies have been conducted 

on thc Bake1 market and the National Trading System (Diaw; 1983), and the socioeconornic 

research team have done an extensive village-level study (see the Socioecono~nic Study 

i i  epor t). 

In the past year, the cornrnercialization program has concentrated i t s  efforts on 

buying livestock in the project zone and selling them at the bake1 market. The fact that 

the Uakel market seems to be presently supplied by Mauritanian cattle has prompted this 

action. 

The prograrn has concentrated i t s  actions in the Mbaniou Zone. However, as 

discussed i n  Chapter 3, the zone with the greatest degradation i s  the northern Ololdou 

Zone. One way to destock the livestock from this zone would be to concentrate the 

co~nmercialization prograrn into this zone. 

The cornrnercialization program has also concentrated its efforts on the catt le rather 

than small ruminants or other livestock (except for "Operation Tabaskilt which deals with 

sheep and occurs once each year during the Muslirn holiday). Given the role of small 

ruminants in  supplying meat, i t  is recommended that more efforts be put into designing an 

appropriate cornrnercializa tion program. 

4.4. FEED SUPPLEMENTATION AND VETElZlNAKY SERVICES 

The veterinary services provided by the project hie one of the more effective actions 

to date. The fact that the project population are regularly buying drugs and dllowing the 

projec tts technical agents to vaccinate their cattle attests to the success of this program. 

However, the classic struggle between veterinarians and range managers st i l l  exists 

in the project area. The success of the veterinary program means a faster rate of 

increase in  the number of livestock in the zone. I f  this increase surpasses the productivity 

of the range resources, then serious overgrazing of al l  of the range may ensue. This does 
- -- --- - - - -  - -- - -  -- - 

not mean that investment in  the veterinary services shourd be reduced. IT means Ilia€ 

much more investment needs to be made in  improving the range resources. 

Another shortcoming i s  the fact that the veterinary services have concentrated on 

the cattle as opposed to small ruminants. A part of this i s  due to the fact that the 

training of the agents emphasized cattle. But another part i s  that small ruminants are the 

responsibility of women. More often than not, the technical agents do not, or cannot, talk 



to the worrren i n  the villages. I t  is recornmended that the agents work more closely with 

the women's program of the Rural Farnily Extension Service (Maison Familiale Rurale - 
Volet Ferninin) to resolve this problem. 

The. project's supplementation program started in 1983 in  the Mbaniou Zone with 

peanut-cake meal and salt blocks. In  1983 the project changed its program to include 

cotton seed, which i s  more easily available from Tarnbacounda and CMV (Complex Mineral 

Vitamin). These were rnade available to al l  three zones of the project area at ful l  cost. 

This supplernentatior~ i s  intended for the milking cows in the villages. But observations 

show that the people wil l  tend to put the feed in a basin to which al l  livestock have 

acmss. Given the fact that there are no cattle barns nor other form of control of the 

ar~irnals, the milking cows tend to be pushed aside by the larger bulls and oxen. Therefore 

the supplementation program i s  not having its rnaximum impact. The milk production 

survey (section 3.3.1.) did not show a statistical difference between the cows that are 

supplemented and those that are not. 

The project's extension program, as well as the functional literacy program should 

concentrate more on helping people to feed their milking cows. The difficulty in 

separating cows frorn bulls i s  a physical constraint that may be solved through the herd 

stratification plan (discussed in the Range Management Plan). 

'The project should also consider other supplementation programs, such as that of 

small ruminants or poultry. In  addition, the supplementation prograrn in  the Senegal Basin 

area should consider the rice residue that i s  available from the SAED irrigated fields 

along the Senegal and Falam6 Kivers. This i s  a rich supplemental feed for large and small 

ruminants and i s  locally available. Finally, as mentioned in section 3.3, the project 

should encourage a more efficient use of sorghum and millet residue by reserving these 

for the end of the dry season. 

4.5. IMPROVED WOOD STOVES AND BIOCRS GENERATORS 

The Maison Familiale Kurale of the project has been instrumental in  introducing two 

technologies that potentially could save on f uelwood consurnp tion in the project zone. 

T k  fFfi iS a- d&* Tei. E ~ R  i t ftf)~& WOO& stove, rjanakd. F i s e  stoves are rnadrs fmm 

adobe, and are estimated to save on 50-30% of the fuelwood consumed by ?he cooking 

fires. In  the dry season (1983), a team of technicians installed these stoves and trained 

the people in their use and maintenance. Hawever, after 0r.e year, an evaluation team 

observed that the stoves had been a failure. 'The women of the villages had not been using 

them; without proper maintenance most of the stoves had succumbed to the rain, wind, or 



goats' hooves. They concluded that the main problom was the lack of proper exte7sion 

and time that would be required to convince the people (especially women) of the  ben~!l"lts, 

The second appropriate technology was introduced in dry season 1984. This consisted 

of a medium-sized biogas (methane) generator that was installed in  the field-base 3f the 

 mai is on Familiale Kuraie in Ndiya, and a smaller, one-household generator installed in  one 

of the project villages. By October 1984 both generators were functioning well, The 

larger generator supplied enough gas for a lamp and two stove outlets. The smaller 

generator produced enough for a lamp and one stove outlet. The lamp was used every 

night and was greatly appreciated by the villagers, but the wornen did not use the stove 

outlets. They felt that i t  did not give them the flexibility in flame-size that their 

traditional system provided. 

I t  appears that with proper extension work, especially emphasizing the needs of 

women, either of these techniques could become acceptable. The biogas generators are 

probably rnore effective than the wood stoves and would last longer. The biogas generator 

built in the village cost 120,000 FCFA, which i s  essentially the price of two young bulls. 

4.6. FUNC'TIONAL LITERACY AND EXTENSlON SEKVICES 

This is probably one of the best aspects of the project's activities. The literacy 

program i s  very well received by the people (although wornen tend to be 

underrepresented). I n  the three years of i t s  operation, it produced rnany graduates, some 

of whom could execute the complicated research and survey tasks given to them by the 

range manager. It is recommended that the project expand its postliteracy program by 

hiring the graduates as researchers for the project and start a "community newsletter1' 

that would help other graduates maintain their proficiency. 

The extension services, along with the functional literacy campaign, are the backbone 

of the project's development efforts. None of the programs proposed i n  this report can be 

implemented uithout a strong extension prugram. Even though the project so far has done 

an excellent job, it is clearly not enough. With the expansion of the project into different 

programs, the extension staff and their resources should be increased. In addition, the 
-- -___ 

agents should be trained i n  aspects other t% veterinary servlces isuch as 
. ' _ _  

9 

community organization and management, hydrology and range management) so that they 

can effectively extend the literacy themes dealing with those subjects. One training 

session was held by the range manager in July 1984 and showed that the agents are very 

eager for this type of information. 



4.7. PASTORAL UNITS 

Thc original project design called for the establishment of pastoral units (Unites - 
Pastorales or UP) In the project zone. The UPS would theoretically bc responsible lor the 

management, exploitation and irnprovernent of the range resources within the boundaries 

assigned to them. By the end of 1984, the villages of the Mbaniou Zone had been 

organized into four UPS. Each UP was cornposed of one to four villages. Two delegates 

from each village were elected for the planning committee of the UP (Cornit6 de Cestion) 

who elected their president, vice president, secretary and treasurer. A n  umbrella 

organization, cornposcd of elected delegates from aii UPS In the Mbaniou Zone was also 

created (Association de ~kveloppemen t Pastoral, or ADEP) which is responsible for 

overall coordination between UPS, 

In 19113, two surveys were carried out by the range manager in the entire project 

zone. One survey was designed to determine the existing socio-politico-economic 

affiliations between villages. The purpose of this survey was to help the project decide 

which villages could be grouped into UPS. 

The other survey, conducted at the same time, was designed to deterrnirle the 

traditional pasture utilization patterns by each village (i.e., seasonal movements within 

the project area as well as transhurnance to outside the area). This survey produced a list 

of pasture names (located on the bass map, see Appendix F.) and a listing of pastures 

traditionally clairned by each village. 

based cr! the above information, the range manager presented a final technical 

document in Juiy 1984 which provided recommendations on the restructuring of the UPS in 

the Mbaniou Zone, and the creation of new UPS in the Ololdou Zone and Sintiou Fissa 

Zone. There are now a total of 14 UPS proposed for all of the project zone. These 

recommendations are repeated in Appendix E. of this report. 

The UPS are a fairly radical departure from the traditional social structures existing 

in the project zone. Apart from cornmunal hunting parties, there is no other tradition of 

cooperation among villages. Furthermore, a modern organizational structure has been 

imposed on the UPS so that there is a linear hierarchy of president, vice president, 

secretaries, and treasurers _etc., w_hich has no traditional -- precedence, -- Finally, . two - 

representatives to the planning committee of the UPS are elected from each village. 

However, only two out of these 24 representatives are village chiefs. All the rest are 

younger members of the chief's household. Give11 all these nontraditional actions, it is not 

surprising that the deve~b~ment of UPS, at least in terms of its social impact, is 

progressing so slowly. 



For the UPS to begin to function, threc crucla\l problcrns need to bc rasoivcd. In the 

first pluce, the cstablisiirncr~t of the UP boundaries presupposses thc cxistcnco of mrnc 

form of iand tenure lc~~isiatlorl that would give ownmhip and responslbiilty of thc iand to 

the UP. lJnfortunately such leglsiat~on does not yet exist, The national "Direction 

Amenagetnent de Territoircu of the Ministry of Interior is currently implementing the 

system of rural communities (Communaut6 Rurales) in  castern Senellal. Once these are 

established, the UPS will become the link between the people and the rural cotnrr~unitles. 

Furthermore, some work Is being done at the national level on establishing a 

Sylvo-Pastoral Code (Code Sylvo-pastoral), a ,-onstitution on the rnanilgernent of range 

and forest resources. Both of those actions, the code and the rural cornmunities, are 

necessary steps before the UPS in the project zone can be given any legitimacy. 

In the second place, tnost of the UPS still require some water-point development 

before they can become self-containing, U n t i l  such development, no one can be expected 

to respect the boundaries nor the Range Management Plan. 

Finally, the project's extension program needs to put rnore time and patience on 

discussing the concept, principles and objectives of the UPS with the people. The 

proposals for establishing the boundaries around pastures should be reviewed with the 

people: before they are finalized. I n  addition, various cotnmunal projects, such as cleanihg 

ponds or firebreaks, building huts at camp sites, etc., can be envisaged and implemented 

a t  the UP level. These communal efforts wii! not only establish a precendent for future 

communal work, but will also be a catalyst for bringing to light social and political 

problerns which then can be resolved within the UP. 

During the time that it will take to design, finance and implement a new $water 

development program, the project's ex tension program must concentrate on developing 

fully functional pastoral units. Only then can we expect the people, both within and 

outside the project zone, to understand and respect geographical boundaries. 

4.8. CONCLUSIONS AND RECOMMENDATIONS 

The water catchment ponds built in the Cambia Basin area have only partially 

fulfaled h-heir main objecfiv~~. Fbwi?ver they are pim&aGy ,+- q+q3--tie-tk -- -..--:..+.=, 
range situation and to the system of livestock husbandry in the area. It is recommended 

that the water development strategy in the Cambia Basin incorporate two important 

aspects. The first is further invesiment in irrprovement of the ponds (to reduce 

infiltration and evaporation rates). The second is the organization of a water 



daveloprnent cornmltteo in each pastoral unit who would bc responaitAa for thc ugc, 

improvement ar~d main tcnancc of tho ponds. 

'fhc water dc.vsloprnent strategy for thc Scncgtll Uavirl urea rccognizcs thc diffcront 

constraints facing this area and recommends further studies on aitcrntrtive water-point 

schtrnes especially other water-harvesting techniques. I t  also recolntncr~ds the 

organization of a water development committee in each UP in  thc Smcgai Uasln area. 

'fhc efforts of the project to date In controlling bush fires has not been very 

successful. It is rccommendad that the Project should concsntrate on at tacking the 

causes of bush fires by continuing the extension program's antifire themes, and by - 
devising appropriate ways to gether honey or hunt wild animals that would not require: 

smoke. 

The extent of bush fires is so vast that even i f  ttlc fire brigades were extremely 

organized, they couldn't physically reach a l l  parts of the range in time. On the other 

hand, a more eff icient system of firebreaks could contain rnost of the fires. However, 

more firebreaks would be the solution only i f  a way was found to clean the lanes every 

year using local resources. The project should put more ef fort  in  designing an effective 

firebreak cleaning method. 

The colnrnercialization program, after a very slow start, may be potentially useful in 

helping the people benefit more froin the sale of the livestock. This program should 

concentrate i t s  efforts in the northern Ololdou Zone so as to help des'rock the excess 

livestock frorn the area. I t  should also put a new emphasis on cornmerciaiizing small 

ruminants. 

The veterinary services of the project have perhaps been too successful. In  order to 

prevent an imbalance of livestock numbers and range resources i n  the immediate future, 

tk.2 project should concentrate more resources into improving rangelands. 

The supplemental feed program to date has shown that people are willing to 

supplement their livestock's diet. The project should emphasize the supplementation of 

milking cows. In addition the possibility of cooperating with the SAED irrigated rice 

perimeters in order to obtain rice residue should be contemplated. 

The project's social services program has been active i n  testing various appropriate 

tech-nolo~jes, the most gromisLn_l: o f  which are the biogas generators. The proiect should 

incorporate this technology into a larger extension program. 

'The extension services and functional literacy program are one of the most important 

and successful programs of the project. Many of the proposals contained i n  this and other 

reports would not be feasible without such an extension backbone. However, the service 

should be exranded not only i n  terms of the level of i ts staff and resources, but also in  



tcrlns of divcrslfyirlg Into other extcrrslon tsplc!i such as rirngclar~d Iiyclrology, urld rww 

urganizatlonal/munagcrlai ccsrlccpt '. 

The pastoral units cac~ld poter~rially be tl useful institutional framework for t l ~ c  

management of cornmunal resources. However, after three years they s t i l l  exist only on 

paper. The project shoulct radically cllclrlge i ts  existing program and adopt a rnore active, 

institution-br~ikding strategy. I t  should also emphasize more discussions with the people on 

the princtpies and praxis of the UPS, and should organize co~n~nunal work situations. 

Finally, the project should try to press thc Covernrnent to draft and irnplernent the i iural  

Cornttrunity and Sylvo-Pastoral Codes which would provide the legal justification for the 

existence of the Ut% 



and 3.5.). It should also promote the "early warr~irig system" for monitoring overgrazing 

and condition of the range (see section 3.3.4.). 

, , ..( 
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3. PHELIMINARY RANGE MANAGEMENT PLAN 

The prclirninary Range Munugc~nen t Plan (IiMP) i s  a synthesis of rcscarch ac t lv i  ties 

anrl discussions with projcct personnel and vlllagcrs. The purpose of this plan i s  to provide 

guidelines for the inanagelncnt of livestock range and water resources by tlic people of 

thc project aorle. The guidelines are primarily aiined at preventing further degradation of 

the rlangeland, and at improving the proc'l~ctivity of the livestock. The role of thc project 

woultj be to extend the plan to the people, and to assist with financial and technical 

resources wherever necessary. The plan incorporates three organizational levels that 

currt:noly exist in  the project zone: herders, villages and pastoral units. 

A t  this level, the plan concentrates on providing guidelines on improving the use or" 

the ~:angelands. The Range Management Plan, as a whole, presupposes that the herds wil l  

be guided year-round by a herder, otherwise none of the plan's proposals could be 

implemented. The role of the project's extension services i s  indispensible in this regard. 

They can either encourage the younger generation in ihe villages to herd the animals or 

they can encourage the herd owner to hire a professional herder pcrrnanently. 

In  order to encourage an institution of herding, the project can do at least two 

things. The first i s  to make the job of the herder more comfortable by encouraging the 

use of horses or donkeys by the herder, or by suggesting and assisting i n  the construction 

af perrnanent huts at the more important camp sites. 

The second i s  to establish training courses aimed not only at potential herders, but 

also at convincing the herd owners to take on perrnanent herders. The trai l ing caurse 

should be made off icial by granting professional "Herding Diplomas" to the graduates, and 

should cover at least six months of theoretical, as well as field-level, studies. The 

theoretical studies should emphasize the problems created by environmental degradation 

and the role of livestock i n  causing this degradation (the research results in sections 3.4.4. 

and 3.6.1. should be used here). The consequences of degradation, the role of the herder 

in  preventing it, and the potential benefits from herding should also be discussed. 

The practica.1 studies should discuss the research findings on rangeland productivity 

te kgie & - - . -. - w ki&& ie e m a t  ~&e'riv&y fw s e i i & ~  3.4. 



5.2. VILLAGES 

In order to  prevent  the  concentra t ion of anirnals around the  villages, t h e  iiMP calls 

for a s t ra t i f i ca t ion  of t h e  village herd in to  a l l b u s l ~  herd1' and a Nrnilk herd." The milk herd 

would be  composed of t h e  milking c o w s  and their  calves,  and a f e w  d r a f t  oxen. These  

animals, along with t h e  equines and small  rurnlnants, would b e  kep t  permanent ly  a t  t h e  

village. An approximatt: 3 km-radius x o u n d  t h e  village would be  reserved exclusively for 

them. They would w a t e r  at nearby natural  ponds o r  t h e  well, and would rece ive  

supplemental  feed and minerals. 

The  bush herd would be  composed of  t h e  remainder  of t h e  c a t t l e  (heifers,  pregnant  

cows, bulls, etc.), and they would be guided by a herder  t o  carnps. Whenever a pregnant  

cow dropped her calf ,  she  would be re turned to  t h e  village and dry cows and their  ca lves  

;vould be  taken t o  the  carnps. Otherwise  t h e  bush herd would remain on t h e  range a l l  

year, r n ~ v i n g  from one pas tu re  t o  t h e  next. 

The  idea  of s t ra t i fy ing t h e  herds is not new. C e r t a i n  pas tora l  groups  in Afr ica  (such 

a s  t h e  Uinka of t h e  Sudan) have  been pract ic ing i t  for thousands of years, but it  is a new 

idea  f o r  se t t l ed  agropastora l  groups such a s  t h e  Toucouleur. However, it  is a n  idea  t h a t  i s  

not too much beyond t h e  exist ing husbandry system. Already t h e  animals  a r e  herded t o  

dis tant  ca lnps  even though i t  is only f o r  the  protection of fields. In addition, if t h e  owner  

is forced t o  send his c a t t l e  on t ranshumance to  Mali because  of t h e  lack of wa te r  in t h e  

village well, he  will t ry t o  keep  a few milking cows for +he household's needs. Finally, t h e  

herd s t ra t i f i ca t ion  s t ra tegy  re l ies  on a re la t ively  c h e a p  resource: t h e  herder. Fencing o f f  

t h e  pas tures  in to  grazing blocks would ach ieve  t h e  s a m e  results, but f ences  a r e  beyond t h e  

people's f inancial  resources. 

O n e  const ra int  t o  t h e  success  of t h e  s t ra t i f i ca t ion  s t r a t e g y  is  t h e  f a c t  t h a t  t h e  wa te r  

c a t c h m e n t  basins built by t h e  project  d o  no t  ou t l as t  t h e  dry  season. Therefore,  t h e  bush 

herd would be  forced t o  re tu rn  t o  t h e  village well when t h e  water-points dried up. I f  t h e  

wa te r  development  s t ra tegy  discussed in sect ion 4.1. i s  implemented,  then t h e  cons t ra in t  

may b e  eliminated. In t h e  meant ime,  t h e  bush herd would b e  allowed to re tu rn  t o  t h e  

village when exist ing ponds dry,  but they  would be  t aken  back again with the f i r s t  ra ins  of 

t h e  season. Therefore,  they would b e  spending at  leas t  6-8 months  of t h e  year  away f r o m  

& village. I t  is expec ted  t h a t  th is  reduction in t h e  grazing pressure  around t h e  villages 

would help t o  p reven t  f u r t h e r  soil degradation. In addition, i t  is expec ted  t h a t  t h e  g r e a t e r  

f o r a g e  availabil i ty for both t h e  bush and milk herds, as well as a d e c r e a s e  in t h e  d i s tance  

t h a t  they have t o  walk everyday, would result  in significant increases  in live-weight and 

milk production. 



Other programs at  the village level should includc certain improvements in the 

cultivation/livestock interaction (discussed in section 3.3.4.) such as better manure 

utiliiation techniques (especially if the rnajority of the herd is to be kept permanently 

away), fallow/crop rotation systems, and better maintenance of fences around the fields. 

Finally, the revegetation of denuded areas should bc organized a t  the village level 

since 90% of the denuded areas are in the radius of individual villages. The project should 

encourage the formation of working parties, village nurseries and seed multiplication 

plots. The wornen should also be included in this program. 

5.3. PAS'I'OIIAL U N I T S  

The pastoral units (UP) are the only institution that can be used to manage the rnore 

corn~nunal, extravillage, resources, such as  water-points and firebreaks. One cannot 

expect the project to continue to manage them, nor can one expect the government to 

take over the responsibility. 

Therefore, the project must concentrate its efforts on establishing the institutional 

legitimacy and frarnework of the UPS. In addition the UPS must be assisted by the project 

so that they call take over the responsibilities of organizing cornmunal work. A t  the 

moment, the most important communal actions that could be done are the water 

development strategy (discusse.' in  section 4.1.), the cleaning of firebreaks and control of 

bush fires (section 4.2.), and the improvement of rangelands through reseeding with 

perennial grasses and legumes (section 3.6.). 
,, , 

Once the Government has established the Upst legitimacy of land tenure, the project 

can begin to emphasize the land use implications. The concept of Itgrazing or watering 

per~nits" and the fact that these permits apply to the use of their range by both 

neighboring UPS and nomads, must be discussed with tt,e people. The ' tvm hurdles to 

implementing a permit system (social inacceptabili ty and lack of physical means of 

supervision and control) should also be discussed, but it will have a better chance of 

resolution if the rural communities are established and if  the Sylvo-Pastoral Code 

incorporates the concept of permits. 

5.4. CONCLUSIONS AND KECOh4MENDATIONS 



the Immediate objectives of preventing (and controlling) rangeland degradation, and 

improving the productivity of the livestock. 

The liMP proposes a series of prograrns ilirned a t  three different organizational 

levels: the hcrdcr/livestock owner, the village, and the pastoral unit. The project's role 

would be orle of encouraging the adoption of certain lrrlprovernents in  the traditional 

animal husbandry and range exploitation system, the details of which must be fi l led i n  by 

collaboration with the people. The adoption of al l  aspects of the IIMP cannot be expected 

very so0:r. However, the RMPts simplicity, and the fact that the prograrns at each level 

can be implemented independently of each other, suggest that the failure of one aspect of 

the plan does not necessarily jeopardize any other aspect. The task of the project should 

be one of being sensitive to people's reactions, and should take each step forward at i t s  

own pace. 
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TABLE A l .  

SUMhlARY OF SOIL TESTS IN THE BAKEL PROJECT ZONE, 1Y8?/84 
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Sample 

Horizon cm/ Gravel Sand Silt Clay Texture' pH Na* K' I 
1 

21 A ? ,  0 24 26 50 C 6.1 3.29 0.92 

B 0 22 31 47 C 6.0 3.48 0.62 

C I  ? I 0 20 30 50 C 6.1 

C2 ? 3 P? 18 35 SCL 7.3 
I .  - 

SOURCE; ~ r o i i l e s  1 and 2 a re  from the  SoildWater Engineering report; profiles 
Labiuatory of SAED, Ross Bethio, Senegal; profiles 5, 9, 1 I, 12, 15 and 
Eas( Lansing, Michigan, USA; profiles 17-21 a re  from Nevini (1983). 

I I= % of nongravel matter I Expressed as  meq/lOOq I % 

Total 
Orgaric 

Ca+ h\g+ CEC Matter 

13.5 6.2 23.7 0.47 

15.6 6.9 26.3 0.47 

3, 4, 6, 
16 were 

7, 8, 10, 
analyzed 

13 and 
by Soi! 

34 were analyzed by Sail 
Testing Laboratoty, h W ,  

NOTES: aA d breviations; VG = very gravelly; G = gravelly; S = sandy; Si = silt; L = loam; C = clay. 
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( Site Total ' 
Standing Herb Total Woody 

Rsnge Type Herb L i t te r  Herb L i t te r  htonocot 

Hi l l  

average 

C I  80.14 25.02 105.16 1 9.88 I 18.94 28.2 35.6 41.06 I C2 21 1.04 2.92 213.96 9.18 47.66 56.84 23.16 38.2 
C3 216.52 14.58 231.1 site burnt 70.62 7.86 
C 1169.24 14.16 , 183.4 ( 9.54 I 32.98 42.12 30.31 99.96 

Foothill E l  221.42 42.0 263.42 18.6 1 121.28 139.88 2 1.22 
E2 112.18 272.42 384.6 i t  burn 1 I : I ? 
E3 319.12 10.96 330.01 si f e burnt 1 66.58 0.64 

average 1 E 1270.28 1 26.48 1 296.75 1 I I I 1 43.9 (exclude (52) 

Streambe(! K 1  
(Gambia){ R2 

R3 
R6 

average R 
1 

Swamp D l  
0 2  
D5 
D6 

averagq D 

site burnt 
site burnt 
site burnt 
site burnt 

Total 



Aca ada 
Aca mac 
Aca sen 
Aca sey 
Ada dig 
Ade obe 
Ano lei 
Bal aeg 
Born cos 
Uor acth 
Bas an8 
Uos sal 
Bos sen 
Cad far 
Cas Sieb 
Car edul 
Corn acul 
Corn geit 
Corn glut 
Com mic 
Com nig 
Comrn a f ~  
Cor sin 
Dal mela 
Dlc glorn 
Fer apon 
Fic iteo 
Car tern 
Cre bic 
Cre fla 
Cui sen 
Lan acid 
Lan velu 
Mit ine 
Orm bib 
Ostr stu 
Pi1 ret 
Pter eri 
Pter luc 
Scl bir 
Sec vis 
Ster set 
Stro sar 
Strv spi  
Ziz mau 

TABLE A3. 

RANCE INVENTORY UA TA: POINT CENTER QUARTER METHOD - 1983: 
IMPORTANCE VALUES OF TREES AND SIiRUBS BY RANCE TYPE 

Ironstone 
F loodplaln 

(0) 
Floodplain Degraded 7- -- 

Hill Foothill Streambed Swamp 

SOURCE: Survey data. 
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Aca ada 
hca mac 
Aca sen 
Aca sey 
Ada dig 
Ade obe 
Ano lei 
Bal aeg 
Bom cos 
Bor aeth 
00s ang 
00s sal 
Bos sen 
Cad far  
Cas Sieb 
Car  edul 
Corn acul 
Com gcit 
Com glut 
Com mic 
Corn nig 
Comm af 
Cor sin 
Dal mela 
Dic glom 
Fer apon 
Fic  iteo 
Gar tern 
Gre  bic 
Gre fla 
Gui sen 
Lan acid 
Lan velu 
Mit ine 
Orm bib 
Ostr s tu  
Pi1 re t  
P ter  eri  
Pter  luc 
Scl bir 
Sec vis 
Star =set 
Stro Jar 
Stry spi 
Ziz mau 

RANGE INVENTORY DATA: POINT CENTER QUARTER METHOD - 1983: 
PERCENT RELATIVE DENSITY OF TREES AND SHRUBS BY RANGE TYPE 

ronstone 
Floodplain 

(B) 

- 

Floodplain 
(S) 

Degraded 
(GI 

- 
Hill 

27.9 

7.0 

0.4 

3.8 

5.4 
28.9 
0.9 
5.2 
4.9 

3.3 

0.4 

1.7 

5.4 

3.3 
1.3 

Foothill Streambed Swamp 

SOURCE: Survey data. 
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TABLES A3. AND A4. 

NOTES 

Calcula t ions  fo r  Point  C e n t e r  Quar te r  (PCQ) Method of Measuring T r e e s  and Shrubs 

q u a r t e r  q u a r t e r  ~ basal  a r e a  = (basal diameter)Z no. 1 no.2 

\ 

mean  dis tance - - t o t a l  d is tance no. 3 I \ no. 4 
to ta l  no. q u a r t e r s  I \ 

neares t  I d i s t ance  
absolute  density - - 10,000 m2 t r e e  

I '7 (cm) mean dis tance t o  c e n t e r  o 
point  -4 t r e e  

+I+ F- 
basal d i a m e t e r  (cm) 

re la t ive  density - - No. ind. of o n e  species  x 100 
No. ind. in a l l  species  

re la t ive  frequency = frequency per spec ies  x 100 
sum frequency of a l l  species  

re la t ive  dominance = to ta l  basal a r e a  of o n e  species  x 100 
to ta l  basal a r e a  of a l l  species  

impor tance  value = re la t ive  density + re la t ive  frequency + re la t ive  dominance 

-- - - . - - . - - - - - - . - -  - -- - - - - - -- 





TABLE 81. 

BIRDS SIGHTED IN THE PROJECT ZONES* 

HERONS A N 3  HAMMERKOP 

English dame 
I 

Time of Year Latin name  French name Location 

Sinthiou Fissa 
Zone and Bakel: 
Jus t  outside 
Sinthiou Fissa 

 lack-headed Heron Ardea melanocephala Heron Melanocephale May and  
January 

January 

February 

I 
I 

i 

j 
Purple Heron1 

Hammerkop ; 
t 
I 
I 

Ardea pupurea 

Scopus u m b r a  ta 

Heron Pourpre 

Ombre t te  

Bakel: Per imeters  

Ololdou and 
Sinthiou Fissa 
Zones: Near Kidira, 

1 , .Woubowol, Bema and  Serne 

Latin name  Time of Year English dame French name 

Oricou 

Vautour de Ruppell 

Cyps Africain 

Bateleur  

Location 

Nubian vul ture  
I 

Ruppell's C r i  fon 
Vulture It I 

Aegypius tracheliotus 

Cyps ruppellii 

All th ree  zones: Very commor 

Mbaniou zone 

I 
White-backeq Vulture Gyps begalensis hlbaniou Zone: 

Mbaniou Bakel road 
April 

April Bateler i Terathopuis ecaudatus  Mbaniou Zone: 
Near Toulekedi 
A11 three  zones: Ver; y comma 

*This is  a list  of birds sighted and identified by t h e  socioeconomist. This list was compiled through casual observation i in t h e  a r e a  a d provides only a small  sample of t h e  bird population. 1 



TABLE B 1. (continued) 

English n a  e b 

i 
I 
I 

West Afr ican Cjoshaw 

I 
Lizard Buzzar 

Swallow-tailed Ki te  

Lat in  name  

Circus  macrourus 

Accipiter toussenelii 

Kaupif a l co  
monogrammicus 

Elanus ricourii 

French name  

Busard Pa l e  

Autour Tachiro  

Buse Unibande 

N aucler dlAf rique 

Location 

M baniou Zone 
Road f rom id baniou 
t o  Waly Diala 

Sinthiou Fissa 
Zone: Road f rom 
Sinthiou Fissa 
to Arigabo 

Ololdou Zone: 
Near  Ololdou 

M baniou Zone: 
cCl baniou road 

Time of Year  
~ - -. 

February 

t 

English n a k e  Lat in  n a m e  French name  Location T ime  of Year  

Latham1s FranFlin Francolinus la thami Francolin d e  Latham All th ree  zones: Very common 
2 

Numida meleagris Pintade Commune  All t h r e e  zones: Quite commo I 
BUSTARDS 

Lat in  n a m e  French name  Location 

Eupodotis senegalensis Poule d e  Pharaon Oioldou Zone: 
Between Ololdou and  
t h e  escarpment  

Time of Year  

January 



Black-bellied I ~ u s t a r d  Eupodotis melangaster Outade a Ventre Noir U.@aniou Zone: I March - I Between Toulekedi 

I I 1 and Ndia I 
DOVES I 

I 

English nbme 

Morning ~ o v e /  

PARROTS I 

Latin name 

I S trep toelia decipiens 

Streptoelia 
semitorquata 

( Oena capensis 

English n l m e  
I 

Senegal Longjtailed 
Parakee t  / 

Senegal Parro 

PLOVER 

Latin name 

Psit tacula  krameri 

Poicephalus seneglus 
- 

French name 

Tourterelle Pleureuse 

Tourterelle a collier 

Tourterelle du Cap 

Location 
--  - - 

All three zones: Very common 

Ali  th ree  zones: Quite  commor 

All t h ree  zones: Very common 

r ime  of Year 

French name Location Time of Year 
I I 

Perruche a Collier I All three Zones: Quite commo? 

Y ouyou (Al l  t h ree  Zones: Very common I 

English neme I Latin name I French name 1 Location l ~ i m e  of Year 

Black-headed /Plover Vanellus tectus  I Vanneau a T e t e  Noire I All three zones: Very common 1 
SANDPIPER 

English na,me Latin name French name Location Time of Year 

Crocodile Bird 
I I Piuvianus Aegyptius Pluvian dlEgypte Bakel: 

SAED perimiters I March 



TABLE 13 1. (continued) 

I 

2UCKOOS AN? COUCAL 

English nahe I Latin name 1 French name I Location ITime of Year 

Emerald Cuckob 
I 

Senegal Coucal 1 
Chrysococcyx cupreus Foliotocol 

Centropus senegalensis Coucal du Senegal 

Ololdou Zone October 

A l l  three zones: Ver) common 

ROLLER HOO~OE AND BEE-EATERS 

English nabe 

~oufus-crownel Roller 

Hoppoe 

Blue-cheeked ee-eater 8; 
I 

NICHTJAR / 

Latin name 

Coracias naevia 

Upupa epos 

Merops superciliosus 

French name 
-- 
Roilier Varie 

Huppe Fasciee 

Cuepier de Perse 

Location Time of Year 

A l l  three zones: Extremely common 
I 

A l l  three zones: Common I 
A4 baniou Zone: 
Mbaniou road 

i 
English nabe Latin name French name Location Time of  Yeat 

I I 

Plain Nightjar / C,-wimulgus inornatus Engoulevent Terne A l l  three Zones: Very common 
! 
i 

during rainy season at night 
, 

HORNBILLS 
------ - 

English nape -r  ati in name 

Grey Hornbill / 
Ground Hornbi 1 i 

I 

Tockus erythrorhynchus 

Tockus nasutus 

Bucorvus abyssinicus 

French name I ~ o c a t i o n  ]Time of Y eal 
I 

Petit Calo a Bec Rouge A l l  three zones: Extremely common 

Petit Calo a Bec Noire A l l  three zones: Very common 

Cranil Calo dlAbyssinie A l l  three zones: Fairly common I I 



TABLE l3 1. (continued) 
I 

CROW i 
I 
I 

English nbme Lat in  name  French name  Locat  ion T ime  of Year 

Pied C r o w .  1 Corvus albus Corbeau P i e  All t h r ee  zones: Fairly common 
I 

WARBLER BARBET AND WOODPECKER 

English nFme 

Striped c i s t i cb l a  
I 

Red-rurnped dinker-bird 
I 

Olivaceous ~ A r b l e r  

Green-backed: Woodpecker 
i 

Lat in  name  

Cisticola natalensis 

Pogoniulus a t rof lavus  

Hippolais pallida 

Campethera  cail lauti i  

French name  

Cisticole S t r i ee  

Barbu a Croupion 
Rouge 

Hypolais Pa l e  

P i c  a Dos Vert 

Location 

Bakel: Garden I ~ a r c h  - 

Ololdou Zone: 
Gourel  Dialoube 

August 

Bakel: Garden lMarch 
Sinthiou Fissa: February 
Between Sinthiou Fissa 
and  Arigabo 

I 

SUNBIKD 

English n j m e  Lat in  name  French name  Location 

Mouse-brown Tunbird Anthreptes  gabonieus Soui-manga Brun Bakel: Garden 

Beaut if ul Long-tailed Nectar inia  pulchella Soui-manga a Longue Bakelr Garden 
Sunbird ! Queue 

I 

SWALLOW AND SHRIKE 

T ime  of Year 

March 

April 

English ndme 1 Lat in  name  I French name  I Location [Time of Year 

Mosque ~ w a l l d w  Hirundo Senegalensis Hirondelle a Ventre Ololdou Zone: 
I 

May 
Roux Kidira Bake1 road 

1 

I ---- 
near Bakel 

I 



TABLE B l,(continued) 

Grea t  Grey shrike 
1 

i 

Lanius excubitor Pie-grieche Fiscale . Sinthiou Fissa: 
a Dos Cris  Walli Diala to 

Arigabo road 

April 

English n a j ~ e  Latin name 
I 

snowy-crowned/ Robin-chat Cossypha niveicapilla 
, 

I Latin name 
I 

Red-cheeked ~ b r d o n  Bleu Estrilda bengala 
I 

I Black-rumped ".bill I Estrilda troglodytes 

[Senegal  ire-~hch Langonosticta senegala 
I 

French name Location Time of Year 

Pe t i t  Cossyphe a tete Bakel: Garden April 
t3lanche 

French name Location Time of Year 

Cordon Bleu Bakel: Garden February 

Bec cie Corail  Cendre Bakel: Garden I I March 

Armarante  Commun 1 All th ree  zones: Very common 1 



I 
I 
I 

English n4me 

! 
Red monkey 1 

Green monkey 

Baboon 

Salago 

Leopard 

-ynx 

-ybian wild ca 

ierval 

TABLE L32. 

LIST OF MAMMALS SIGHTED IN THE PROJECT ZONE 

Latin name 

Erythocebus patas  

Cercopithecus aethiop! 
calli triche 

Papio papio 

Calago senegalensis 

Panthera pardus 

Felis caraca l  

Felis libyca 

Felis serval 

French name 

Singe rouge 

Cercopitheque 

Babouin 

Calago 

Leopard 

Lynx o r  caracal  

Chat  d e  libye 

Serval or  chat-tigre 

Location 

Ololdou Zone: 
Kidira Bakel 
road; a dozen or  more 

Ololdou Zone: 
Kidira Bakel road, 
arround ten  

Ololdou and 
Sinthiou Fissa Zones: 
Kidira Bakel road 
and between Woubowol 
and Ourousoul~,  in large 
groups of f i f ty  or  more 

Mbaniou Zone, 
many sightings 
with spotligts at night 

Ololdou Zone: 
road t o  Sira Hamadi 
Bocar Kane, one at dusk 

Uioldou Zone: 
Near the  Bakel 
air strip, one 

Mbaniou Zone: 
near Garala at 
night, one 

Mbaniou Zone at 
night, one 

-- 

Time of Year 

December 

March 

October 
to March 

December 

November 

May 

December 



lackal 

i yena  Corcuta  

Sgyptian rnongo)ose 
I 
I 

dongoose 

3 v e t  

t a t e l  

Nort hog 

zoba 

Vulpes pallida 

Canis adustus 

Crocuta 

Cene t t a  tigrina 

Ichneumia aegyp ticus 

Ichneumia albicauda 

Viverra civet  ta 

Mellivora capensis 

Phacocherus 
aethiopicus 

Hedunca redunca 

TABLE 82. (continued) 

Renard des sable 

Chacal  a flancs rayes 

Hyene t ache tee  

Genet te 

Mangouste dlEgypte 

Mangouse a queue 
blanche 

Civet te 

Phacochere 

Cobe redunca or  nagor 

Mbaniou Zone: 
Bakel Mbaniou road 
a t  the  escarpment, 
at night 

In all  Zones, qui te  cornnron 

Ololdou Zone: 
Kidira Bakel road 
near t h e  Bakel, at night 

All th ree  Zones 
at night 

A4 baniou Zone: 
near  Diare Mbolo 
a t  night 

hlbaniou Zone: 
Pond 11 1 

Ololdou Zone; 
near  Bakel 

Ailbaniou Zone: 
at night near 
Diare Maboube 

All th ree  Zones, fairly common 

Mabaniou Zone: 
F i re  break from 
Diarel Mbolo t o  
Seno Wandaly 

April 

quite common 

May 

February 





APPENDIX C. 

LIST OF PLANT SPECIES COLLECTED I N  THE 
BAKEL LIVESTOCK PROJECT ZONE 

OCTOBER 1982 to OCTOUEli 1984 



TABLE C1. 

I 
I 

I 
Scientific Name & Authority 

I 
A: I 

Acacia Adansonii G .  d/ Perr. 

A. albida Del. 

A. ataxacantha D.C. I 
A. Ehrenbergiana Hay e. 

A. macrostachya Reic 1. 

A. raddiana Savi. 

f 
A. nilotica (Benth.) A.P. Hill 

I 
A. Senegal (L.) Willd. I I 
A. sieberiana D.C. 1 
Acalypha ci l iata  Fors 

Acanthosperrnum 

Achyranthes 

Adansonia digitata L. 

Albizzia Chevalieri ~ d r m s .  

Alysicarpus ovalifoliu (S. Jr Th.) Leon. 

A. rugosus (Willd.) D. . d 

October 1982 t o  October 1984 

Family 

Mimosoideae 
II 

I1 

11 

II 

I t  

l a  

II 

II 

Euphorbiaceae 

Compositae 

Amaranthaceae 

Bornbacaceae 

Apocynaceae 

Papilionoideae 
I1  

h4irnosoiaeae 

Papilionoideae 
I1  

Form 

t r e e  
II 

bush 

t r ee  

bush 

t r ee  
II 

I t  

II 

annual foroe 
II 

I S  

t r ee  
II 

annuzl forbe 
I t  

t r e e  

annual iorbe 
I t  

- -- 

Name in ~ u h a r b  

gawdi 

taski 

gubi ndaneewi 

bulbi bodeewi 

ciidilgogoro 

gandi gadd6 

tiluki 

patuki 

aluki 

kebel 
- 
nakabere 

bokki 

darabokki 

dengan 

hudo beeli 

budawi 

jilC 

padgiri jaw16 

Soil type(s) 

clay 

loam;clay 

ironstone 

loam 

1oam;clay 

1oam;clay 

loam 

sand;loam 

sand 

ironstone 

clay 

loam 

loam 

sand;loam 

loam 

clay 

clay 

sand;loam 

sand;loam 



TABLE CI. (conlt.) I 

Scientific Name & Auth 

Ammania prieureana G. & Perr. 

A m p e k i s s u s  l ~ n e n s i s  ( iook.) Pianch. 

Andropogon Chevalieri i eznik. t 
A. fastigiatus S.W. I I 
A. Cayanus Kunth. 

A. pselsdapricus Stapf. 

Anogeissus leiocarpus (D )C. & Perr. 

Anticharis linearis (Bent .) Hachst. F 
Aristida adscensionis L. / 

I A. funiculata Trin. & Ru r. P 
A. Kerstingii Pilger. 1 
A. Iongiflora Sch. & Th I n. 
A. mutabilis Trin. 7' 

I 
A. stipoides Lam. 1 

! 
Asparagus africanus La . =i A. Pauli-Gulielmi SolmslLaub. 

Aspilia helianthoides (S. Th.) Oliv. 

Azadirachta indica A. 3 ss. 

0: k 
Bacopa hamiltoniana (B 
Baissea multiflora A. D . a 
Ualanites aegyptiaca (L. Del. 1 

Family 

Lyt hraceae 

Ampelidaceae 

Crarninae 
Il 

kl 

Combretaceae 

Scrafulariaceae 

~ i a m i n a e  
O 

I1 

I1 

I1 

11 

Liliaceae 
I1 

Composi tae 

Meliaceae 

Scrof ulariaceae 

Apocynaceae 

Zygophy llaceze 

annual forbe 
I1 

annual grass 
I8 

perrenial grass 

annual grass 

t r ee  

annual forbe 

annual grass 
II 

1) 

perrenial grass 

annual grass 
11 

perrenial f orbe 
II 

annual forbe 

t r ee  

annual forbe 

liana 

t r ee  

Name in ~ u h a r b  

naiko 

palpalellkebb6 
- 
- 
dajal 

d a j i  calli 

kojoli 
- 
- 
- 
- 
sirin 

celel  

budel 

narari 

pelol fowru 

niayko 

neem 

kopi gelodi 

caala lornbowi 

Soil typeb) 

sand;loam 

1oam;clay 

rocky loam 

loam 

clay;loam 

loam;ironstone 

clay;loam 

loam 

sand ; l em 

sand 

loam 

sand 

sand;loam;clay 

sand 

ironstone 

loarn;clay;ironsto& 

clay 

loam 

1oam;clay 

ironstone 





Scientific Name dr ~ u t h d r i t v  

Cadaba farinosa Forsk. 1 

Calotropis procera Ait. ! 

Cardiospermum halicac 

Carissa edulis Vahl. 

Cassia Absus L. 

C. nigricans Vahl. 

C. sie5 ra D.C. 

C. Tora L. 

Celosia trigyna L. 

Cenchrus biflorus Roxb. 

Cercestis Afzelii Schot 

C. Prieurii Kunth. 

Cissus qwdrangularis L 

Cleistopholis patens (Be th.) Engl. & D. 

CIeome viscosa L. F 
Colocynthis vulgaris Sc  

Family 

Capparidaceae 

Asclepiadaceae 

Cucurbitaceae 

A pocynaceae 

Ceasalpiniodeae 
11 

I 1  

I1  

Amaranthaceae 

Craminae 

Composi t a e  

Pedalaceae 

Araceae 

Craminae 
I1  

Euphorbiaceae 
I1 

1, mpelidaceae 

Annonaceae 

Capparidaceae 

Cucurbi taceae  

Form 

bush 
I1  

vine 

t r ee  

annual forbe 
Il 

t r e e  

annual forbe 
I# 

annual grass 

annual forbe 
11 

I 1  

annual grass  
I# 

annual forbe 
I1 

liana 

t r e e  

annual forbe 

vine 

Name in ~ u h a r b  

censeni 

bamammbi 

- 
gumi nai 

0010 lawb6 

sinjajel 

cinana wilcingooli 

0010 

gurdal 

niakaberi  

jon baali 

wulolel 

f aoto 

dankel colel 

- 
bam to  

purC 

endunyibalpot t e  gundo 

kukuwi 
- 
- 

Soil type(s1 

sand;loam 

sand;loam 

loam 

loam 

clay;rocky 

c1ay;ironstone 

sand;loam 

1oam;clay 

sand 

sand 

1oam;sand 

ironstone 

c1ay;loarn 

sand;clay 

sand;clay 

c lay  

sand;clay 

1oam;ironst~ne 

ironstone 

rocky 

loam 



Scimtif ic  Name & Auihority 

Combretum aculeatu 

C. geitonophyllum Die s. I 
C. glutinosum Perr. i 

C. Lecardii Engl. & di Is. 

C. micranthum C. Don .R 
C. nigricans Lepr. 1 
C. niorense Aubr. 

Comrnelina Forskalaei [Vahl. 

Corchorus olitorius L, 1 
C. tridens L. I 

Cordia Myxa L. 
I 

C. sinensis Lam. I 
Crinum pauciflorum 5 k. 4 
Crotalaria cylindrocar a D.C. 

C. Perrot tet i i  D.C. 

C. retusa L. 

Cucu~nis  melo L. 

Cyperus dif formis L. 

i Ctenium elegans Kuntq. 

1 

C. fenzelianus 
I I 
I 

C. lria L. " 
I 
I 

C. maculatus Bock. 1 

Family 

Combretaceae 
11 

It 

II 

It  

II 

18 

Commelinaceae 

Tiliaceae 
#I 

Borraginaceae 
I1 

Amaryllaceae 

Papilionoideae 
It 

II 

Crarninae 

Cucurbi taceae 

C yperaceae 
In 

II 

11 

Form 

t r ee  
II 

II 

I1 

I8 

I1 

It 

annual forbe 

annual forbe 
II 

t r e e  
II 

bulbous for be 

annual P o r k  
II 

II 

annual grass 

vine 

annual sedge 
II 

II 

I* 

Name in ~ u l a a r b  

lawnaadi 

dugornawi 

dokki 

bummi 

talli 

buski 

- 
walwaland6 

jilC 

ladobali 

camanowi 
- 
ngaado 

jato 

niakaber; 

- 
celal 

denel wandu 
- 
- 
hissel 

ossel 

Soil type(s) - 
sand;loam 

1oam;ironstone 

1oam;ironstone 

ironstone 

1oam;irons tone 

1oam;ironstone 

ironstone 

sand;loam 

clay 

clay;loam 

clay 

sand 

1oam;clay 

wnd;cla y 

sand;loam 

clay 

sand 

loam 

clay 

clay 

clay 

sand; loam 



-. . 
~ c i e n i i f  i ; . ~ a m e  & Authority 

Dichrostachys 

(Forsk)  C. Chr. 

Digitaria argillacea (H. & C h )  Fern. 

D. gayana Stapf. 1 

D. horizontalis Will 

D. longif lora Pers. 

D. velutina P. Beau . 
Diheteropogon Hag rupii Hitch. 

Diospyros mespilifo mis Hochst. 

Dipcadi longifolium Bak. 

Dolichos Daltoni W bb. 

dopatrium senegal e Benth. 

E: I 
Echinochloa colona Link. 

Eleusine indica Cae  tn. i Elinorus elegans Ku th. 

Elytrophorus spicat s A. Cam. 

Entada africana G. Perr. 

Family 

Craminae 

Papilionoideae 

Papilionoideae 

Mimosoideae 

Acanthaceae . 

Graminae 
I1  

I1  

I1  

II 

Craminae 

Ebenaceae 

Liliaceae 

Papilionoideae 

Scrof uiariaceae 

Crarninae 
II 

C yperaceae 

Mirnosoideae 

Form Name in p u h a r b  

annual grass 

t r ee  

annual forbe 

bush 

annual forbe 

annual grass 
Il 

ii 

I: 

Il 

annuat grass 

t r ee  

bu!bous forbe 

annual forbe 
II 

annual grass 
I1  

I t  

annual sedge 

t r ee  

- 
burg01 colel 

jalambani 

- 
burli 
- 

- 
mussa ladel 
- 

- 
dunub6 

ngaado 
- 

ndiriri 

lurnlumo 

munmuto 
- 
padapari 

Soil type(s) 

1oam;ciay 

clay 

1oam;clay 

1oam;clay 

1oam;clay 

loam;clay 

loam 

loam 

irons tone 

sand 

loam 

clay 

loam 

clay 

clay 

clay 

loam;clay 

1oam;irons tone 

clay 

c1ay;loam 



J
J

J
 



TABLE C I. (con't i 
I 

Scientific Name 

Grewia f lavescen; J u s s  

G. mollis Juss. 

Guiera senegalen! is J.F. Gn~el .  

H: 

ttackelochloa 

I: 

I. geminata Bak. 

1. Leprieurii Bak. 

I 

. Family 

Tiliaceae 
I1  

Combretaceae 

Graminae 

Anacardiaceae 

Bor raginaceae 
II 

Annonaceae 

Malvaceae 
11 

~ i o l a r a c e a e  

Acanthaceae 

Papilionoideae 
I1  

Form 

bush 
Il 

?) 

annual grass 

t r ee  

annuai forbe 
I1  

t r ee  

annual forbe 
11 

11 

11 

annttal forbe 
Il 

I 1  

I1  

81 

I1  

perenial forbe 

annual forbe 

Name in ~ u h a r b  

kelli nahi 

kelli niibi 

geloki 

- 
keelcali 
- 
worowall6 

boili 

Ioler6 

p i l i  

balewell 
- 

legi legiral 

nornowel 
- 
legi 

durlnan dayet 

leliko 6 bad6 
- 

Soil type(s) 

1oam;ironstone 

clay 

sand;loam 

1oam;irons tone 

loam 

clay 

sanaloam 

clay 

loam;clay 

clay 

sand;clay 

clay 

sand;loam 

sand;loam;clay 

loam 

sand;loam;clay 

rocky 

sanaloam 

1oam;ironstone 

1oam;ironstone 



' TABLE C1. (con't.) 

Scientific Name & / ~ u t h o r i t ~  

Indigofera pilosa P 3ir. 

I. secundif lora Poir . 
I, trichopoda 

Ipomaea acanthoc (Choisy.) A. & Sch, 

I. coscinosperma 

I. pes-tigridis Linn 

I. pileata Koxb. 1 
I. vagans Bak. I 
I. verticillata Fors .. 

J: 1 
Jacquemontia tami/ifolia (L.) Griseb. 

Jussiaea erec ta  L. I 

Kohautia confusa & Dalz.) Bren. 

L: 

Lannea acida A. 

L. velutina A. Ric "i 
Leonotis africana (p. Beauv.) Briq. 

Lepidagathis anobrka Nees. 

Leptadenia hastata  (Pers.) Decne. I 

Family 

Papilionoideae 
I8 

II 

Concolvulaceae 
I1  

II 

Onagraceae 

Acant haceae 

Meliaceae 

Rubiaceae 

Anacardiaceae 
II 

Labiaceae 

Acant haceae 

Asclepiadaceae 

Form 

annual forbe 
I1  

Il 

vine 
I1  

I1  

II 

II 

II 

I1 

annual forbe 
I1  

t r e e  

annual forbe 

t r ee  
II 

annual forbe 
II 

vine 

Name in ~ u h a r b  

- 
- 
- 
- 
- 
- 
- 
- 
- 

t i r d i  

kumanbulo 

- 

kahi 
- 

belluki 

tuko nab6 

kumabulo 

uggutel 

sapato 

Soil type(s) 

sand;loam 

sand 

irons tone 

clay 

irons tone 

sand;loam 

1oam;clay 

clay 

1oam;clay 

1oam;clay 

sand;cla y 

loam 

clay 

!oam;clay 

loam 

loam 

sand;clay 

1mm;ironstone 

sand;loam 





Scientific Name 6r Authority 

-- - \ 
--< 0:- i 

Oldenlandia merhac ' a (L.) Rcxb, 

Opilia celtidifolia ( & Perr.) Endl. 

Ostryoderris Stuhlm nnii (Taub.) Dunn  

0. sativa L." 

f 
Oryza brachyantha 4,. Chev. 

P: 
i 

Pancratium trianthu 

Pandiaka Heudelotii (Moq.) Hook. 

Panicum Afzelli S.W 

P. anababtismum S t  ud. 

P. laetum Kunth. I 
Paspalum scrobicula um L. 

P e n ~ s e t u m  pedicel1 tum Trin. 

Peristrophe bicalycu a t a  (Retz.) Nees. 

Phaswlus scaberulu Miq. I Phyllanthus Niruri L 

P. pentandr tus Sch. Th. 

Piliostigma reticula um (DC.) Hochst. I Polycarpaea linearif lia DC. 

Polygala arenaria w P I I ~ .  

P. multiflora Poir. I 

Family 

Kubiaceae 

Opiliaceae 

Papilionoideae 

Craminae 
II 

Amarylhceae 

Arnaranthaceae 

Craminae 
II 

I1 

I1 

II 

Acant haceae 

Papilionoideae 

Euphorbiaceae 
U 

Ceasalpinioideae 

Carophy llaceae 

Polygalaceae 
11 

Fcrm 

annual forbe 

t r ee  

t r e e  

annual grass 

mar0 

bulbous forbe 

annual forbe 

annual grass 
I 8  

I1 

I# 

II 

annual forbe 
II 

I1 

I1 

t r ee  

annual forbe 
I1 

II 

Came in ~ u i a a r b  

- 
korum kohi 

bani ndaneewi 

mar0 beeli 

clay 

- 
- 
padgiri jaw& 

dadie daj6 

padgiri 

njawri 

wulund; 

- 
t i r d i  

- 
ceduwawa 

barkeewi 

delbi 
- 

Soil type(s1 

1oam;clay 

1oarn;clay 

loam 

clay 

sand;loam 

lo3m;cla-j 

c1ay;ironstone 

clay 

sand;ioam;clay 

loam;clay 

1oam;clay 

loam 

1oam;clay 

clay 

sand;loam 

sand 

sand;loam;ironstone 

clay 

legi legirgal 1oam;clay 



P. lucens Lepr. 

Pupalia lappacea (L.) Juss. 

H: 

Rogeria adenophylla 

s: 
Schizachyrium brevi 

5. exile Stapf. 

5. nodulosum Stapf. 

5. urceolatum 

Securidaca longipeda/nculata F r e r  

Securinego virosa 

Sesbania 

Sida rhombifolia L. 

5. schimperiame 

Family 

Por tulaceae 

Papilionoideae 
11 

Amaranthaceae 

Pedalaceae 

Craminae 
11 

11 

I1 

I1 

C yperaceae 

Anacardiaceae 

Polygalaceae 

Euphorbiaceae 

Papilionoideae 
I1 

Form 

annual forbe 

t ree  
18 

annual forbe 

annual forbe 

annual grass 
I1 

I1 

11 

I1 

annual sedge 

t ree  
I1 

bush 

annual forbe 

t ree  

ann:d grass 

annual forbe 
I1 

Name in ~ u h a r b  

laleld patiok 

bani balewi 

cegnii 
- 

- 

munmuto 
- 
garlabal 
- 
cilbel 
- 
eeri 

allali 

cambel gore1 
- 
ganndol 

lassel dawagd6 

- 
- 

Soil type($ 

clay 

loam;clay 

1oam;irons tone 

sand 

clay 

clay 

sand;rocky 

1oam;ironstone 

ironstone 

sand;clay 

clay 

loam 

loam 

sand;loam 

loam 

sand;loam 

sand;loam 

sand;loam 

sand 



I 
TABLE Cl.  (con1t.)1 

S. festivus Hochst 

Sterculia setigera el. 

Stereospermum ku thianum Cham. 

Striga aspera (Will .) Benth. 

Strophanthus sarm ntosus DC. 

Strychnos spinosa am. 

T: 

Tamarindus indica 1 L. 

Tephrosia bncteol 'bta  C: & Perr. 

T. gracilipes C .  h 

T. linearis (Willd.) 

T. pedicellata Bak 

T. platycarpa C .  Perr. 

Urena lobata L. 

Family 

Malvaceae 

Compositae 

Sphenoclaceae 

Graminae 
II 

Sterculiaceae 

Uignonaceae 

Scrofulariaceae 

Apocy naceae 

Loganaceae 

Mimosoideae 

Papilionoideae 
I1 

I1 

II 

11 

Graminae 

Craminae 

Tiliaceae 

Crarninae 

Malvaceae 

Form 

annual forbe 
:I 

I1 

annual grass 
II 

t r ee  
11 

annual forbe 

liana 

t r ee  

II 

annual forbe 
I: 

It 

I1 

II 

annual grass 

annual forbe 

a n n w l  forbe 

annual grass 

annual forbe 

Name in ~ u l a a r b  

palpalel 

morlu boda 
- 
barawo 

padgiri boderi 

bobori 

cinongawi 
- 
konnji 

giyel gooti 

cigirleewi/dami 
- 
kebel 
- 
- 
- 

Soil type(s) 

1oam;ironstone 

clay 

clay 

loam 

1oam;rocky 

loam 

loam 

ironstone 

loam 

ironstone 

1oam;clay 

1oam;clay 

ironstone;rocky 

clay 

1oam;cla y 

sand;clay 

clay 

sand 

1oam;clay 

irons tone 

ironstone 



1 
I 
icientif i c  Name & Authority 

Jrginea nigritana Bak. 

J. Sebirei Berth. 

v: I 
t icoa leptoclada (Web ) Dandy. I 
Jigna ambacensis Bak. 

Y. sinensis (L.) Savi. 

W: I 
Waitheria indica L. 

Wisradula amplissima {L.) Fries. 

z: I 
Liziphus maurikiana ~ 4 m .  

I Z. mucronata 'Willd. I 

Zornia glochidiata ~ e i k h b .  

1 
SOURCE: Survey daia. 

! 

Liliaceae 
I l  

Compasitae 

Papilionoideae 
It 

s t  erculiaceae 

Malvaceae 

K hamnaceae 
la  

Papilionoideae 

Form 

bulbous forbe 
I1 

annual forbe 
II 

U 

annual forbe 
II 

bush 
I1 

annual forbe 

Name in ~ u l a a r b  

ganndel 

- 
niebi  

gurgutal 

- 

jaabi 

jaabi fowru 

dennd&/dengi 

- Soil type(s1 

sand 

sand 

clay 

loam 

1oam;clay 

sand;clay 

ironstone 

sand;loam 

ironstone 

sartd;loam 

NOTES: 'A cosp1;te set of herbarium samples has h e n  lef t  with the  Project, and another complete s e t  has been given t o  the  
Herbariurq of Dr. K. Dieye at LNERVIDakar. 

h'ranslit&ation "C" = ch, as in Charles; "j" = j, as in Jack; ung't = gn, as in sign. 





TAULE 01. 

RESULTS OF 19x31 1984 FORAGE TRIALSa 

Species 

I. Acacia albida I 
2. A. farnesiana I 

3. A. linarioides 1 
I 

4. A. macrostachya I 
5. A. raddiana I 
6. A. Senegal 

7. Aeschynomene america a J I 
A. falcata 

Alysicarpus glumaceus 

A. vaginalis 

Atriplex canescens 

A. nummularia 

A ty losia scaraboides 

Bauhenia rufescens 

Boscia senegalensis 

Brachiaria distichophyll 

17. Cajanus cajan 1 
IS. Cassia rotundifolia 

19. Cenchrus ciliaris v. Bile 

20. C. ciliaris v. Cayndah ! 
- I 

C. ciliaris v. Gayndah 1 
I 

Form 

t r e e  

t ree 

t r e e  

bush 

t r e e  

t ree 

annual legume 

a n w a l  legume 

annual legume 

perennial legume 

bush 

bush 

perennial legume 

bush 

bush 

annual grass 

perennial legume 

perennial legume 

perennial grass 

perennial grass 

perennial grass 

Source of ~ e e &  

SenegalINAS 

AustralidNAS 

AustralialNAS 

local 

SenegallN,AS 

MauritanialDRlG 

ILCA 181 125 

ILCA P77239 

ILCA 1771 I7 

ILCA 178068 

USAINAS ' 

Australia/NAS 

ILCA 177063 

local 

local 

hiauritania/DHIG 

h4auritania/DHIC 

ILCA 1177233 

F A 0  P54.318 

Australia/lLCA P6645 lot 4 

2 1 % germination 

3% germinatim 

3% germination 

10% germination 

3% germination 

9% germination 
e - 

good stand and seed production 
- 
- 
no germination 

no germination 
- 
30% germination 

no germination 

good foliage and seed production 

good stand, low herbage 
- 
poor germination, good stand 

very p o d  germination and stand 

no survival in plot 

no survival in plot 

100% survival 

100% survival 

no surviuzl + plot 

10% surlviyai 

fair s t a t d  

good sta* fair seed s e t  

fair stand 

poor stand 

rrs zerrlirtatbn 

no germination 

fair germination and stand 

no survival in degraded s i t e  

- 
- 
no survival 

fair stand 

100% survival; poor germination 

of new seeds 

100% survival; good germination 

of nrw seeds 

poor germination in degraded 

s i t e  



! 

TABLE D 1. (const.) 

-v 
Species - 21. C. ciliaris v. Molopo I 

C. ciliaris v. htolopo 

22. C. ciliaris v. Nunbank 

C. ciliaris v. Nunbank 

23. C. ciliaris v. K.A. 

24. C. ciliaris v. Palsana 

25. C. ciliaris v. USA 

26. Centrosema brazilianum 

C. brazilianum 

27. Centroserna haitiens 1 

28. C. pscuorum 

C. poscuorum 

29. C. pubescens I 

C. pubexens I 

30. C.  pubescens v. Belalto 

31. C. virginianum I 

Form 
-- 

perennial grass 

perennial grass 

perennial grass 

perennial grass 

perennial grass 

perennial grass 

perennial grass 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

Source of Seeds 

AustrahdlLCA 07143 lot 3 

F A 0  154.320 

AustralidlLCA 46612 lot 3 

F A 0  Y55.887 

ILCA 177289 

ILCA 179013 

Equadorl N AS 

ILCA 177088 

ILCA 177014 

Brazil/NAS 

ILCA 177060 

ILCA 61112732 

ILCA Y 78050 

ILCA Y77248 

ILCA Y77249 

1983 Performance 

poor germination, good stard, 

good regrowth in dry season 
- 
good germination, very good stand 

fair germination, good stand 

poor germination, poor stand 

poor germination, fair stand, 

no x e d  production 
- 
- 
poor germination, fair stand, 

no seed 
- 
- 

1989 Performance 

good survival; poor germination 

of new seeds 

poor germhat ion when broadcast 

100% survival; good germination 

of ncr? seeds 

poor germination when broadcast 

fair germination but poor 

herbage in degraded s i t e  

g 4  survival; poor germination 

of new seeds 

fair survival 

no sxv iva l  

poor germination and stand 

poor germination and s t a ~ d  

no survival 

porn germination and stand 

poor germination and stand 

poor germination and stand 

pow germination and stand 

poor germination and stand 



Species I 
-- - 

32. Clitoria ternatea 

C. ternatea 

C. ternatea 

C. ternatea 

C. ternatea 

33. Crotalaria amgyroides 

34. Deunodium distortum 

35. O. intortum v. Greenlea 

36. D. uncinatum v. ~ i lver lebf  

37. Dolichos lablab 

38. Echinochloa stagnina 

39. Entada africana I 
40. Erogrostis lehmaniana 1 
41. Eucalyptus camaldulensi i 

42. Geof froea decorticax 

b3. Glycine Wighcii 

44. G. Wightii v. Cooper 

45. Crewia bicolor 

06. Leucaena leucocephala 

L. leucocephala 

Form 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial grass 

Cree 

annual grass 

trce 

bush 

perennial soybean 

perennial soybean 

bush 

tree 

tree 

tree 

Source of Seeds 

AustraliallLCA 88001 1 

Australia/lLCA 180012 

Australia/lLCA 18001 3 

AustraliallLCA 18OOlO 

ILCA 177085 

ILCA 176002 . 

ILCA 179081 

F A 0  159.274 

FAG 159.275 

local ' 

USA/UHIG 

Ausrralia/NAS 

ChildNAS 

ILCA 179067 

ILCA 177221 

local 

A?exico/NAS 

Mauritania/UHIC 

SenegalIlSIt A 

1983 Performance - 
- 

good germination, fair stand 

no germination in plot nor in  

waterlogged area 

10% germination 

no germination 

very low germination 

no germination 

- 
10% germination 

13% germination 

4% germination 

3% germination 

1984 Performance 

poor germination, poor stand 

poor germination, good stand 

poor germination, poor stand 

poor germination, poor stand 

poor germination, fair stand 

fair germination, good stand 

fair germination, fair stand 

p o a  germination, very poa 

stand, no seed set 

poor germination, very poor 

stand, no seed set 

no s~rv iva l  
- 

poor survival 

- 
pow survival 

- 
poor germination, no survival 

poa germination, no survival 

good s u ~ i v a l  

no survival 

4% survival 

5% survival, p o a  vigor 



TABLE Dl. tcongt.) 

I 

Species 

M. atropwpufeum 

18. M. bractcatum 

C9. M. lathyroides 

SO. Macrotyloma axillare v. 

5 I. Medicago sativa 

52. Panicum antidotale 

53. Panicurn maximum I 
I 

54. P. maximum v. Trigloglu~ 

55. P. maximum v. C a t t m  

56. P. maximum v. K-187 

57. Panicum maximum v. 89 

58. P. maximum v. C23 

59. P. maximum v. liarnil 

perenni al legume 

persnnial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

permi31 grass 

perennial grass 

perennial grass 

perennial grass 

perennial grass 

perennial grass 

perennial grass 

perennial grass 

annual grass 

LCA 182797 

ILCA 177247 

ILCA 166005 & 77007 

ILCA 177242 

SW-USA 

ILCA 1772% 

ILCA 177272 

lbCA 177000 

ILCA 177001 

ILCA 177002 

ILCA Y77267 

USAINAS 

I983 Performance 
- - 

fair germination, good stand 

and seed 

- 
very poor germination and stand, 

no seed set 

poor germination and poor stand 

no germination 

pow germination and poor stand 

no germination 

no germination 

no germination 

no gcrcnination 

no germination 

fair genniantion, good slaM 

and seed set 

1984 Performance 

no survival 

good germination, good stand 

and xed set 

good germination, good stand 

and seed set 

good germination, good stand 

and seed set  

poor germination and stand 

no survival 

no survival; poor germination 

of ncw seeds 
- 
no k i v a l ;  no germination 

of new seeds 
- 
- 
- 
- 
- 
- 



TABLE D I. (con't.) 

species I 

63. P. purpureum v. Hybric 

64. P. typhoides v. Souna 

65. P. typhoides v. Sanio 

Phaseolus acutifolius 

Piliostigma reticulatun 

Prosopis alba 

P. juliflora 

Pterocarpus lucens 

Sesbania Sesban 

Simmondsis chinensis 

Stylosanthes fruticosa 

S. hamata 

- - -  

61. Parkinsonia aculeata 

P. aculeata I 
62. Pennisetum purpureum . Kizozi 11 

n 

75. Stylosanthes hamata v.  eran no 
S. hamata v. Verano 

76. S. humilis 

77. S. humilis v. Lawson 

78. S. humilis v. Townsville 

Form 

t ree  

t ree  

perennial grass 

perennial grass 

annual millet 

annual millet 

perennial legume 

t r e e  

t ree  

t r e e  

t ree  

t r e e  

bush 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennid legume 

Source of Seeds 

SenegaliNAS 

ILCA P77127 

ILCA Y81126 

ILCA 1181 1 17 

USA/NAS 

local 

ArgentinalNAS 

SenegaliNAS 

local 

local 

USAiNAS 

ILCA 6177064 

BrazilINAS 

F A 0  6155.889 

ILCA Y77013 

ILCA 6177017 

ILCA a77066 

. F.40 1159.273 

ILCA 177305 

1983 Performance 

1% germination, poor survival in 

degraded s i t e  

no germination 

no germination 

no germination 

good germination and very good 

seed se t  but subject t o  black smut 

good germination, good herbage but 

low seed set, subject t o  bird and 

insect a t tack 

good germination and seed se t  

10% germination 

10% germination 

5% germination 

no germination 

10% germination 

no germination 

no gerrnination 

-- p- 

1984 Performance 
- - - 

no sq ival in degraded s i t e  

no germination 

m germination 

no survival 

no survival 

100% survival 

100% survival 

- 
poor survival 

no germination 

fair germination, good stand 

- 
poor germina tha  and stand 

fair germination and stand 

fair germination and good stand 

fair germination and good stand 

poor germination and stand 

good germination and stand 



TABLE 01. (cun't.) 

Species 

5. Guianensis 

5. Guianensis v. Codc 

5. Cuianensis v. khofic 

5. xabra 

S. scabra 

S. wbscricea 

Tamarindus indica 

Tarconanthus comphwi 

Tylosema esculentum 

Vigna unguicuhta 

SOURCE: Survey data. 

NOTES: aAll trails were i 

~ N A S  = National 
Mauritania; ILCE 
Hecherches Agric 

CTotal rainfall i n  

d ~ o t a l  rainfall in 

b-Y indicates ml 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

perennial legume 

tree 

bush 

perennial legume 

annual legume 

bush 

ILCA 166006 

FA0  151.752 

FA0  151.751 

Coastal 5. America/NAS 

ILCA 177068 

ILCA 177076 

local 

South AfricdNAS 

Kalahari DesertlNAS 

SenegaUiSH A 

local 

I983 Performance I 1984 Performance 

poor germination and stand 

no germination 

no germination 

no germination - 
poor germination and stand 

good germination and stand 

30% germination poor survival 

no gerrninat ion - 
no germination - 
fair germination and seed set, - 
very good germination, stand and 

seed set I n  sorghum field 

10% germitation good 5,avival 

fenced plots unlers rloted otherwise. 

Lcaduny of Sciences, Board on Science and Technology; DHIC = Prujet de Uevrloppernmt Rural lntegr i  de Cuidimaka, Islamic Republic of 
: Internalional Livestock Center for Alrica; F A 0  = Food and Agriculture Organization of the United Nations; ISRA = lnstitut Senegah i  de 
le; local = collected i n  Project Area; 

913 was 475 mm. 

984 was 350 m m  

e s t d  





TABLE E I. 

astoral 
'nit No. 

SUMMARY OF PASTlJKES AND WATER-POINTS ASSIGNED TO 
PASTOKAL lJNlTS I'N THE PRELIMINAIZY DESIGN OF 1984 

Vlllagus - 
Mbaniau 
Sow01 
Ndiakone 
Gonad6 

War6 Mbolo 
~ i a r 6  ~ a b o u b 6  
Medina Guiraye 
Caralia 

Ndiya 
Toulckeedi 
Velingara 
Boulel 

Youpi Amady 
Seno Y oup6 
Sako 
Diamwelli 
Seouji 
Gourel ~ a t l i i  hrlbaye 
Girbandao 
Olabougou Mossi 
Banipelli 
Y oupi Pate 

Lappol jummi, Boungal, Petel 
nalla, Cenel, Parawol capalli, 
Celli, Parawol ivlbaniou, Lappol 
sambmaduru, Furnange Ndiakone, 
Sanko, Sukaner6 

Total surface area = 23,3 10 ha 
-- - - -- - - - 

Lappol cowl6 oli, Garsi, 
Lappol danawol, Parawol jawol, 
Sintiou hamajind6, Walisabo, 
Parawol gaycali, Lapol belal, 
Kajcl bopi, Parawol wafo, 
Sirkum, ~ o u r 6  baba ali, 
Kolimudr~ 

Totin1 surface area = 20,630 ha 

~ a n g 6  gawd6, Kessol Arnadou Sy, 
Parawol jaji6 oli, Dunubil, 
Petel nyari, Adab6, Parawol bafo, 
Joud6 Samba Sire, Lombolabi, 
Lap pol furdu, Lap pol bingal, 
Facoj6, Lappol guotoki, Dowdi coy&, 
Banmu, Cilowaji, Bowol, Jawondu, 
~uga j6 ,  Lappol belombi, Pilpilodd, 
Bogel kogor, Seno bobor6, Koli, 
Lugere janal, Furnang6 Boulel, 
'Y umuki, Petcl sileymani, Mbaba, 
Row Boulel 

Total surface area = 32,750 ha 

W aldewa, Sintiou dernba, Nyarowal, 
W aalondo badi, Longer6 fer lere, 
Barsafa, Arifund6 

- - - -  - - 

Tot;i~l surface area = 12,585 ha 

16, 22, F6t6 Kora 
~ : ! t 6  Gelluki 

25, 15, 19, L5, 
Weendu Caba, 
Wsendu Ciwol, 
Weendu Gelongal, 
Kolirnudu 

11, 2, 6, 10, 
Dudi, ~ 6 t h  Bowol, 
~6.t ;  Buni, Koli, 

Werendu Almami, 
Weendu Longer&, 
Werendu Lingerou 
Weendu Seunde 



TABLE E I .  (con'k) 

~6116 
Courel Ablaye Diaw 
Boubou ya 
Sintiou Sory Lamine 
Gourel Mama Sira 
Courel Mamadou Bara 

Sin tiou F issa 
Arigabo 
Kundel 
Fissa Daro 
Seno Issaga 
Courel Dernba Konko 
Courel Boulli 
Courel Samba Koulibali 

Wouboul 
Guirobe 
Sintiou D i ~ y e  
Mamandao 
Niedebel 
(Kidira) 

0ursoul6 
Seno ~ a n d a l k  
W alidiala 
Birfal 
Fete Golombi 
Gourel Mama Ndiya 

Cabou 
~ a r r 6  
Kadiel 
~ ~ K ~ ~ _  - - 
Seno Malik Ali 

Bogal cala, Sikwde ~6116, Nyara, 
Jala, Merningcl, Y orobi, Jamheri, 
Joupan6, Muki jammi, Soya, 

Total surface area = 7,540 ha 
-- - - 

Gelongal, Galle almami, 
Sukeyurnaki, Kataval Fissa, 
~ a a l o f 6 ,  Kataval paut6 cad& 
Raflumbu, Boulebap6, Yolihofa, 
N yarowal sukki, N yarowal kolinaji, 
Lugungol, Nyarcata, Jalombi, 
Kajel lewel, Bang6 Sintiou Fissa 

Total surface area = 20,760 ha 
-- - - 

Cina, ~ a n g &  Falame, Sambanjai, 
Barka, Kugel joy, Sammbo, 
Kaayh koli, Mama ginta, Mooro, 
~ e r d e l l $  Kaski, Dumungal, Velingara, 
I-lora, Falo sammbe idi, Fallo male- 
baydi,Huli hoota, EV yarowal ~i6debe1, 
Cagad6, ~ e b 6  todder6, Bodowol, 
~ a y 6  goumpeni, ~ a y r 6  fowri, 
~ a u r 6  falde, kataval Kidira, 
ROW-hirniingd Diabougou 

Total surface area - 2 1,520 ha 

Alibesel, ~ a n g d &  Row 0ursoul6, 
Sehingo, Lesdieo, Carnbidirh, 
~urnang6 Seno W andali, Caba, 
Cokk6, Samba diego 

Total surface area = 17,470 ha 

Guman amadou, Row ~ a r r 6 ,  
Nyarowal Kadiel, Ouroububu, 
Amaji sira, ~ a r e n a b 6  Kadiel, 
& q $ ~ e n o & & & w e n a b & ,  . - - 
Somsom, Masina, Badiara, Kooba, 
Gaboundamdh kataval Samba ~on tay6 ,  
Diambak6, Pall01 

Total surface area = 24,960 ha 

W eendu Seega, 
Jela, 
Weeirdri ~ i i t ~ 6  

L3, L4, L6, 
Weendu Heru 

Ll, L2, 12 

Weendu Gabou, 



SOURCE: 

NOTES: 

Sira Uocar Kane 
Sira Sissibe 
Sira Kalidu 
Sira Samba Gada 
Sira Simbin 
Lombol Tobito 
Courel Couibb 

Dema 
Moribougou 
A lahina 
~ o r d 6  
Diabal 
(tiounia) 

Sintiou Medina 
Medina Abdul 
Kadiel Seudu 
Lombol Ganji 

Sintiou Seydou Doro 
Gourel hlassane 
Sin tiou Thiengolel 
Courel Samba Dioburu 
Sira Baidy 
Calle Amadi Dierl, 
Courel ~ ia loub6  

Ololdou 
Kahk 
" 1..lurE ma-.". . 
Mail Amath 
Mail Filly 

- -- 

Survey data. 

Namardi, Balki, Seeno, Dubbel, 
Ladd6, 

Total surface area = 10,460 ha 

Seno Bake1 (Southern portion), 
Kollangal (Southern portion), 
N yarowal Counia, Dagomory, 
Arilelo, Amadou bout ad&, 
Kataval Diabal, N yarowal binn6, 
Nyarowal t;ord&, Mharaldou 

Total surface area = 17,245 ha 
- - - -- - - - - 

Seno lalowi, Haer6 dabo, 
Id barallu, N yarowial y&j&, 
N yarowal Medina, 

Total surface area. = 4,620 ha 

Bagiri, Cengol lewol, Jaralongil, 
Dewniew, Koli, Ndunubi lawol, 
Ngaskanyarowal, Y eo, Nagana, 
Nyarowal Alassane, Dowheru, 
Ngabou, N yarowal ~ i a l o u b 6  

Total surface area = 9,790 ha 
-- - 

Row Ololdou, ~ a n g 6  Mail, 
Diegoulani, Laolw ali, 
Hirnangk ~ a h 6 ,  Cirnangi, 

Total surface area = ,6, 090 ha 

Mangam, Wournbkr6, 
Aluki, 7, 

M baraldou, 
Kollangal 

- - -- 

SeanecKadiel, 
Seane Canji 

Seane Ololdou, 
Seane Alaleri 

aEach UP theore1:ically has exclusive use of the pastures and water points assigned to 
However, if necessary, the other pastures can he used if i t  is regulated through a system 
ttpermits". 

CCeane = hand-dug shallow wells in a streambed. - 



MAP E I. Map of Boundaries of Pastoral Units 









I Range Type 1 
Zolor Type de Parurage 1 

I 
ironstone I 

Plateaux 1 

Plateaux 
ferrugineux 

I 

Floodplain 
(Cambia Basin) 

j 

Versant (Bassin i 
du Cambie) 1 

nl Floodplain 
I 
I 

(Senegal Basin) j 

U i v e r s a n t   assin in 
du Senegal) 

Degraded 
(Cambia Basin) 

i Degradi (Bassin r 
du Cambie) 1 

I 
Degraded i (Senegal Basin) i 

I 
Degrad6 (Bassin 

du Senegal) 1 

APPENDIX EZ. 

LEGEND FOR SOIL/VEGETATION CLASSIFICATION MAP 

Main Vegetation 
(Principaux Types 

de Vegetation) 

Wooded grassland 

Formation 
herbeuse-boisie 

Wooded grassland 

Formation 
herbeuse-boi& 

Wooded grassland 

Formation 
herbeuse-boisie 

Degraded grassland 

Formation 
herbeuse degradie 

Degraded grassland 

Formation 
herbeuse degradie 

Dominant Herb. 
(Herbacies Dominantes) 

Guiera senegalensis 
Combretum glutinosum 
Acacia macrostachya 
Crewis bicolor 
Combre tum nigricans 

Combretum glutinosum 
Guiera senegalensis 
Pterocarpus I t ~ e n s  
Grewis bicolor 
Sterculia se tigera 

Acacia Seyal 
Feretia apondanthera 
Combretum micranthum 
Combretum glutinosum 
Balanites aegyptiaca 

Grewia bicolor 
G uiera sencgalensis 
Boscia senega:er.sis 
Pterocarpus lucens 
Adenium obesum 

Balanites aegyptiaca 
Cuiera senegalensis 
Acacia Senegal 
Acacia Seyal 
Ziziphus mauritiana 

Dominant Woody Plants I Xlain Soil Types 
(Arbustes Dominantes) (Principaux Types de Sol) 

Diheteropogon Hagerupii 
Andropogon pseudapricus 
Elinorus elegans 
Pandiaka Heudelotii 
Borreria radiata 

I Gravelly sandy loam on 
ironstone 

I Gravillonnaire et sablo- 
limoneux sur cuirasse 
f errugineuse 

Loudetia togoensis 
Aeschynomene Schimperi 
Borreria radiata 
Diheteropogon Hagerupii 
Andropogcn pseudapricus 

Sandy loam on 
sandy clay loam 

I sablo-limoneu sur 
argilo-limoneux 

Andropogon pseudapricus 
Schoenefeldia gracilis 
Diheteropogon Hagerupii 
Aeschynomene Schimperi 
Borreria radiata 

Sandy loam on 
clay loam 

sablo-limoneu sur 
argilo-limoneux 

Zornia glochidiata Sandy loam on 
Microchloa indica loam 
Dactyloctenium aegyptium 
Eragrostis lingulata sablo-limoneu sur 
Schoenefeldia gracilis limon 

hticrochloa indica Sandy loam on 
Sporobolus festivus clay loam 
Cassia Tora 
Sida stipulata sablo-limoneux sur 



j I Range Type 1 
Zolor Type de Paturaqe 

I I 

Hi l l  I 
I 

Colline i ! 
I 
I 

du Cambie) 

Streambed 
(Senegal Basin 

du Senegal) 

Swamp I 
i 

Markage i 

Cultivated b 
fallow land 

culture et jachs e 

Main Vegetation 
(Principaux Types 

de Vegetation) 

Wooded bushland on 
hill & rocky out- 

Formation bois6e- 
buissonnante sur 
collines et 
reliefs residuels 

Dominant Herb. 
(Herback Dominantes) 

Acacia macrostachya 
Combretum glutinosum 
Combretum nigricans 
Combretum geitonophyllum 
Cornbretum micranthum 

Dominant Woody Plants 

Panicum laetum 
Pandiaka Heiidelotii 
Schizachyrium nodulosum 
Andropogon Chevalieri 
Cleome viscosa 

Main Soil Types 
(Principaux Types de Sol) 

on bedrock 

gravillonnaire et sablo- 
limoneux sur quartz 

1 Wooded grassland 

I 

Formation 
I herbeuse-bois6e 

Riparian 

Riverain 

Combretum glutimsum 
Cuiera senegalensis 
Lames acida 
Grewia bicolor 
Sterculia setigera 

Combretum glutinosum 
Sclerocarva birrea 
~ te rocar~us  erinaceus 
Ccmbretum micranthum 

Schoenefeldia gracilis 
Zornia glochidiata 
Aristida adxensionis 
Sporobolus festivus 
Dectyloctenium aegyptium 

Penrdsetum pedicellatum 
Bacopa hamiltoniana 
Borreria radiata 
Borreria stachydea 
Panicum laeturn 

- - 

loamy sand on 
sandy clay loam 

limo-sablonneu sur 
sablo-argilo-limoneux 

sandy loam on 
silt loam 

sabblirnoneux sur 
limon 

Riparian I Piliostigma reticulatum 
Acacia nilotica I I sandy loam 

Riverain I I I sablo-limoneur 

Herbaceous fresh- null Aeschynornene tambacoundensis clay 
water aquatic swamp H ygrophila senegalensis 

Formaticn 
herbeuse-aquatiqile I I Oryza brachyantha I argile 

Cyperus lria 

Edaphic grassland 
and scattered tree 
mozaic 
Formation 
herbeuse-aqua t ique 
et mosaiqw bois6e 

Combretum glutinosum 
Combretum nigricans 
Cuiera senegalensis 
Grewia bicolor 
Acacia rnacrostachya 

Loudetia togoemis 
Andropogon pseudapricus 
Microchloa indica 
Diheteropogon Hagerupii 
Heliotropium strigosum 

argilo-limoneux sur 
cuirasse ferrugineuse 

Anthropic 
shrubland 

Formation 
anthropique 

I Combretum glutinosum Pennisetum pedicellatum 
Cuiera senegalensis Cassia Tora 

sandy loam on 
sandy clay loam 
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INTRODUCTION 

The construction of 18 pit-type livestock watering ponds has been a primary 

component of the USAID-financed Eastern Senegal Range and Livestock Project located 

in eastern Senegal. The purpose of the ponds is to  provide water in  areas with good 

rangeland that were previously underutilized during the dry season (October through 

May). These ponds also tend to reduce the grazing pressure around the local villages 

where wells, 40 meters in  depth, provide a year-round water supply. 

This report is a summary of a hydrologic study of the ponds carried out from June 

1983 through May 1384 as a portion of an overall project evaluation. The ponds consist of 

excavated pits in ephermeral stream channels. The pits are approximately five meters 

deep and have a capacity of 3500 to 8000 cubic meters. Data were collected on rainfall, 

storm runoff volumes, livestock usage, pond water levels and scdicr\entation rates. The 

most striking conclusion from the study is that infiltration losses account for 70 to 90 

percent of the water that is collected in each pond. This has serious consequences on 

their uti l i ty considering that the pond designs assumed losses, due to a combination of 

infiltration and evaporation, at  35 percent. Unfortunately mitigation of this problem is 

probably cost-prohibitive. 
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1. CIESCRIPTION OF RESEARCH AND RESULTS 

1.1. POND DESIGN 

Seventeen ponds were  Included in th i s  study. The  ponds a r e  of two  dlfEerent designs, 

old and new, as shown in Figure  1.1. T h e  principal d i f fe rence  Is t h a t  t h e  spolls p i le  i s  

p laced dowrlstream of t h e  old ponds a n d  functions as a d a m  as opposed to t h e  new ponds 

which have  t h e  was te  piles on  t h e  sides s o  t h e  maximum pond wate r  level  coincides with 

t h e  downstream edge of t h e  hole. The pond locations a r e  shown on a m a p  of t h e  a r e a  in 

F igure  1.2. New ponds itre des ignated by t h e  l e t t e r  "LN because  they  w e r e  cons t ruc ted  by 

J e a n  Lefebvre  Inc. 

1.2. WATElISIiED CHARACTERISTICS 

Each of t h e  pond watersheds  is outl ined on  a 1:200,000 m a p  in Appendix A. T h e  

slopes of t h e  watersheds a r e  very small, usually less than 0.1 pe rcen t  along t h e  main 

s t r e a m  channel, which r e f l e c t s  t h e  f a c t  t h a t  t h e  e n t i r e  a r e a  is a plateau. There  a r e  

frequent,  usually small, na tu ra l  basins t h a t  col lect  runoff which typically dry  severa l  

weeks a f t e r  t h e  f inal  rainfall  event. 

T h e  vegeta t ion in t h e  a r e a  is savannah, relat ively th ick f o r  t h e  Sahel. Small  t r e e s  - 

acac ia )  and shrubs ( g b r e t u m  ~ l u t i n o s u m )  a r e  typically spaced  several  m e t e r s  apar t .  (- 
Larger  t r e e s  such as baobabs and fa l se  baobabs (sterculia se t igera)  a r e  located at much 

less f requent  intervals. Grasses  a r e  most ly  annuals with perennials occasionally found in 

t h e  s t r e a m  channels. T h e  density of grass  is diff icult  t o  c h a r a c t e r i z e  because e a c h  year  

l a rge  f i res  burn through portions of t h e  area leaving t h e  t r e e s  a n d  shrubs but f requent ly  

destroying t h e  grass. Thus, at t h e  beginning of t h e  rainy season, which las ts  f rom J u n e  

through September ,  t h e r e  m a y  b e  l i t t l e  grass, but  a f t e r  t h e  f i rs t  rains, new g r a s s  

ge rmina tes  and increases  in s i z e  a n d  numbers f o r  t h e  remainder  of t h e  we t  months. 

T h e  pla teau is typica~lly underlain by a layer of ironstone which outcrops  at a 10 t o  20 

m e t e r  drop-off (escarpment)  defining t h e  eas te rn  e d g e  of t h e  plateau. T h e  ironstone is 

typically shallow within several  k i lometers  of t h e  esca rpment  and in a r e a s  dis tant  f r o m  

overlying soil usually c:onsists of gravelly sandy loam, t h e  g rave l  being ironstone 

fragments.  In t h e  vicinity of t h e  l a rger  dra inage channels  t h e  su r face  soil consists  of a 

sandy loam underlain by sandy c lay loam. 
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Flgure 1 . 1 .  Old and New Pond Designs 

OLD DESIGN 

NEW DESIGN 





F o r  t h e  purposes of this s tudy the  soil shallowly underinin by ironafsrra is rofarrad to a s  

Type I and t h a t  found In t h e  vlcinity of large  s t ream channels  is dosi,gneted us Type 2. 

P i t s  w e r e  excava ted  in e a c h  of !he two  soils and doscriptions a r e  lncludsd in Appendix 0. 

I t  was  observed t h a t  many m o r e  sur face  puddles rosultod f rom rainfall an tho finer 

dra inage basin soils (Type 2) than on t h e  coarse r  soils (Typo 1). This indicates  tha t  runoff 

would b e  g r e a t e r  on Type 2 soil than  on  Type 1. 

A summary  of charac te r l s t i c s  for e a c h  watershed is included in Table I.I., g i v i n ~  t h e  

watershed areas ,  approximate proportions of t h e  two  soil types, and brief doscriptions of 
t h e  main s t r e a m  channels, 

1.3. RAINFALL 

T h e  ra infa l l  m a p  of Senegal indicates  t h a t  t h e  study a r e a  receives  can a v e r a g e  annual  

rainfall  of between 500 and 600mm. This precipitat ion occurs  in e i ihe r  high in tensi ty  

thundershowers o r  s teady rains over  longer periods. Precipi ta t ion w a s  monitored in t h e  

region with a network of  rain gauges. These  d a t a  appear  in Appendix C. 'The rainfall  

record Is not comple te  f o r  any  single gauge but it  i s  e s t imated  t h a t  t h e  average  over  t h e  

a r e a  was  approximately 475mm for t h e  year. Each rainfall tended t o  be  highly variable 

over  t h e  a r e a  as indicated by t h e  rainfall  o f  J u n e  17th which is  noted in Appendix C 

(Figure  C2). T h e  largest  ra infa l l  occurred on July Yth, apparent ly  dropping over  IOOmm of 

ra in  in t h e  e a s t e r n  portions of  t h e  zone. Unfor tunate ly  t h e  ra in  gauges  w e r e  no t  r ead  

unti l  5 d a y s  a f t e r  t h e  even t  resulting in evaporat ion losses which dis tor ted t h e  . , 

measurements.  

1.4. EVAPORATION 

Est imat ions  of potent ia l  evaporat ion were  obtained f rom a study done  in t h e  Bake1 a r e a  

by a consubting f i rm,  Land Systems, which is  based in Italy. These  d a t a  a r e  e s t i m a t e s  

m a d e  by e!xtrapolating d a t a  f r o m  Matam, Senegal. They are presented in Table  1.2. 

1.5. POND WATEK MEASUREMENT 
-. 

A surveying level  was  used t o  measure  pond w a t e r  levels f rom t h e  beginning o f  t h e  

rainy season (June) until they  dr ied up (December  through March). An e f f c r t  was  m a d e  t o  

record  pond levels as soon as possible a f t e r  e a c h  rain, however poor road condit ions 

caused  delays  at t imes,  especially for  t h e  more  r e m o t e  ponds. F e w  d a t a  points w e r e  



Pond No. 

TABLE 1.1, 

CI-tARACTERISTICS OF POND WATEKSI-IEDS 

Drainage 
A r e a  ( ~ m ~ )  

5 

6 

4 

14 

57 

35 

3 1 

8.4 

2 1 

7 

90 

2 4 

10 

16 

18 

70 

3 

Soil T v ~ e  

Type 1 Dominant  

Type 1 Dominant  

Type I Dominant  

Equal a r e a s  c a c h  type  

Equal a r e a s  e a c h  type 

Equal areq,s e a c h  type 

E q m l  a rea ,  c;ach type  

Somewhat  r o r e  Type 1 
than  Type  2 

Equal areas e a c h  type 

Equal a r e a s  e a c h  type  

Equal a r e a s  e a c h  type  

Type 2 Dominant  

Type  I Dominant  

All Type  I 

Type I Dominant  

Equal a r e a s  e a c h  type  

Type I Dominant  

S t ream Channel Remarks  

Watershed sides excced 1 % 
slope in to  main channel  

Main channel  poorly defined 

Main channel  poor!y defined 

Weil-def ined channel  

Large  well-defined channel  

Large well-defined channel  

Large  well-defined channel  

Three  channels  connect  in to  
large  channel  

Large  well-defined channels  

Large  well-defined channels 

Large  well-defined channels  

Large  well-defined chaonels 

Smal l  channel  

Small channel  

Large  well-defined channel  

Large  well-de f incd channel  

S t e e p  channel  las t  500 m e t e r s  
(3% slope) 
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TABLE 1.2. 

ESTIMATED MONTHLY POTENTIAL E.VAROKATION 
I N  THE BAKEL AREA 

Month Jan. Feb. Mar. Apr. May June  3uly Aug. Sept. Oct. Nov. Dec. TOTAL -. . 

mm 1/13 I48 180 200 -210 179 160 144 132 139 138 !31 1,904 
I- 

col lected for Pond I because  of i t s  d i s t ance  f rom t h e  home base in Mbaniou. A f t e r  t h e  

ponds dried, e a c h  was surveyed to de te rmine  t h e  appropr ia te  volume t o  d e p t h  

relationship. This information along with t h e  w a t e r  level data ,  yielded volume versus day  

of year curves  which a r e  presented in Appendix D. The  method used fo r  determining t h e  

w a t e r  level  versus volume relationship for  e a c h  pond is  discussed fu r the r  in Appendix E. 

Some lines a r e  ex t rapo la ted  in t h e  graphs. These  a r e  cases where  ponds had no t  been 

measured just be fore  o r  a f t e r  a rainfall  event.  In t h e s e  cases t h e  pond was assumed to 

con t inue  to d e c r e a s e  in volume at t h e  s a m e  r a t e  t h a t  i t  demons t ra ted  f o r  similar w a t e r  

levels ea r l i e r  o r  l a t e r  in t h e  season. Extrapolations a r e  shown as dashed lines on  t h e  

volume curves. Pond dep ths  a r e  indicated on t h e  r ight  hand s ide  of t h e  graphs. 

1.6. LIVESTOCK WATER CONSUMPTION 

Es t imates  were  made  of livestock w a t e r  consumption fo r  four  ponds. A t  Ponds 1, 10 

and 16 a n  observer  coun ted  t h e  number  of an imals  t h a t  drank during a three-day period 

e v e r y  two  weeks. These  d a t a  a r e  assumed t o  be  representa t ive  fo r  t h e  two-week period 

a n d  w e r e  multiplied by assumed daily l ivestock consumption rates for  d i f fe ren t  portions of  

t h e  year  t o  yield approximations of t h e  t o t a l  consumption f r o m  t h e  t h r e e  ponds.' F o r  

Pond I5 t h e  number of l ivestock present  on a daily basis was  assumed from knowledge 

t h a t  t h e  villages o f  Dia re  Mabobe and Dia re  M'Bolo kept most  of the i r  c a t t l e  at t h e  pond 

f r o m  August 19 to October  31. T h e  number of c a t t l e  was  t aken  f r o m  198 1 census  figures. 

This e s t i m a t e  for  w a t e r  consumption is likely to b e  high because  s o m e  of t h e  an imals  

camped  at Pond 15, drank at  o t h e r  ponds during t h e  c o u r x  of foraging. T h e  e s t i m a t e s  for 
--- . - - -- - - . . - - - - - - -  - -  - - - -- --- - - -- 

e a c h  of t h e  four  ponds a r e  given in  Tab le  1.3. as well as t h e  assumed values fo r  individual 

animal  consumption. 

l ~ h i s  work was  done by Maryam Niamir, P r o j e c t  Range  Management  Specialist. 





Pond No. 

TABLE! 1.4. 

POND SEDIMENTATION ESTIMATES 

Depth (M) / Volume (M3) I Years of 
Sediment Sediment Accumulation 

Volume ( ~ 3 )  

I 

per year 

240 

181 

144 

182 

283 

613 

455 

150 

Watershed 

U 

(K m2) 

5 

i4 

37 

35 

3 1 

2 1 

7 

90 



Pond 16 is considered locally to be one of the best ponds which is verified by these 

estimates. The estimate of livestock consumption for Pond I5  is based on optimistic 

estimates for the number of cattle using the pond. Pond 10 showed more rapid infiltration 

loss after the rainy season than 16 or I 5  which i s  probably due to a sandy layer just below 

the pond bottom. These estimates present the severity of the infiltration problem. 

2. ANALYSIS AND CONCLUSIONS 

2.1. POND WATER VOLUMES 

A l l  the ponds filled at least once during the season. The most striking feature 

exhibited by the volume versus time curves (see Appendix D) is the sharp decrease in 

water volume when the ponds are reasonably full. This can only be explained by infiltra- 

tion losses because evaporation losses and livestock consumption are of a much smaller 

order of magnitude. The total valumc of infiltration amounted to over 90 percent of the 

water that entered each pond. 

2.2. ESTIMATES OF INFILTRATION AND EVAPORATION 

On three ponds (Ponds 10, 15 and 16) where estimates were made of livestock 

consump tion, the percentages of losses by evaporation and infiltration as well as livestock 

consumption were estimated for the water remaining in each pond after the last 

substantial rain on September 12th. A summary of these calculations is presented in 

Appendix E. The results are shown in Table 2.1. 

TABLE 2.1. 

ESTIMATES OF INFILTRATION, EVAPORATION AND LIVESTOCK CONSUMPTION 
(Volumes for 3 ponds after the final substantial 

rainfall oi September 2 until drying) 

I Pond No. 

- 
Inf tltration Evaporation Livestock 

Loss Loss Consumption 
% ~ o t a l f ~ e t e r s ~  % ~ o t a l f ~ e t e r s 3  % Total/Meters3 - 

92.6Xf6400 4.8%/306 2.6%/ 167 

77 %I4843 6%/38 1 17%/1121 



2.3. FACTORS CAUSING HIGH 1NFILTRATIC)N Rf\.TES 

Observation of t he  substrata associated with t h e  various ponds reveals possible causes 

of the  high infiltration rates. Generally, the  soils in t he  pond embankments have 

increasing clay content  from top to  bottom, with t h e  top meter  being sandy loam (approx. 

15% clay) and t h e  lower horizons being sandy clay loam (approx. 20% clay). Macropores 

less than I mm in diameter  a r e  observed with decreasing frequency from top t o  bottom. 

If the  clays were expansive in nature (hence, low permeability) t h e  pores would close when 

wetted. However, these a r e  ancient, highly leached soils and their clays show l i t t l e  

volume change upon wetting o r  drying so they would be  expected t o  be reasonably 

permeable. 

Ponds 10 and 22 (as  well as 6 and 7 according t o  the equipment operator who 

excavated them) a r e  underlain by layers of a medium sand of unknown depth which would 

certainly increase seepage rates. The excavation of sediment from Ponds 1 1, 12, 15, 19, 

and 2l revealed ancient  s t ream beds from 5 t o  I5  meters  in width bisecting t h e  bottoms. 

These beds a r e  also composed of a medium grained sand that  is highly permeable. 

Variations in t h e  quantit ies of infiltration losses among the  various ponds should b e  

explainable by differences in the  quantity of water  entering each  pond and by the  

differences in subsurface conditions. It  appears  t ha t  infiltration ra tes  a r e  grea te r  t h e  

f i rs t  few t imes a pond is filled and less later on. Further  study, particularly of subsurface 

conditions would be necessary to  draw defini te  conclusions about infiltration differences 

among ponds; Qualitatively i t  seems tha t  Ponds 10 and 22, which a r e  totally underlain by 

sand layers dry much more quickly than many of t he  other  ponds (16, 25, LI ,  L4, L5) which 

have only a strip of sand running across the  bottom. Ponds 6 and 7 also seem t o  dry 

exceedingly fast  but they receive much less water  than many other ponds. The ponds on 

t h e  larger s t ream channels perform much be t te r  than those on the  smaller ones both 

because of receiving larger quantities of water  and because of relatively f iner  grained 

subsoil resulting in lower infiltration rates. 

I t  seems reasonable t o  assume tha t  a large portion if not t he  majority of infiitration 

losses occur through t h e  sides as opposed t o  t h e  bottoms of t he  ponds. The most obvious 

*eb& -+i=e3%%~- &p3&& s a 4 i m  

much of i t  highly expansive clay, ponds exhibit high infiltration losses. A second factor  i s  

t h e  relatively large a r e a  of the  pond embankments compared with the  bottom a t  full 

configuration. Even when considering a vertical projection onto a horizontal plane t h e  

a r e a  at t r ibuted t o  t h e  sides i s  on t h e  order of four t imes t h a t  of the  bottom. Thus, 



responsible for repairing any damage done to the linings, The materials - - --- 

line the ponds are not available locally, and would be difficult or impossible to replace by 

villagers without outside assistance. 

corrections to the problem should take the embankments into considercrtion as well as the 

bottoms. 

2.4, METHOD'S FOR DECREASING INFILTRATION RATES 

I t  would be desirable to reduce the infiltration losses of the existing ponds, however 

the standard methods for this would all be cost-prohibitive or inappropriate under the 

circumstances, Some of the techniques used to seal the bottoms of ponds are covering 

with a plastic liner, paving with asphalt or concrete, covering with clay (Bentonite), or 

mixing an additive into the soil such as sodium chloride. 

Plastic liners need protection against cattle hooves and erosion damage, particularly 

a t  the inlets. This protection would need to consist of a 10 cm layer of iateritic soil 

overlain by a layer of rock and gravel that cattle could walk on. The cost of installing and 

prutecting the liner would be on the order of $5,000. The inlet would need to be of the 

rock and mortar chute-type, be at least three times larger than those placed in four of the 

new ponds and cosr approximately $1 5,000. 

Asphalt pavement for a pond would cost $5,000 according to Jean Lefebvre, Inc. The 

inlet structure would s t i l l  be required and the edges would need to be protected from 

erosion, It may also be necessary to place a plastic membrane below the asphalt. 

Concrete lining would be much more expensive than asphalt. 

A clay coating on the pond embankments would need to be protected from erosion 

and cattle by a layer of rock and gravel. The ~ediment on the bottoms of the ponds may' 

be appropriate to use on the sides but i t  consists of alternate layers of clay and sand, 

Care would be needed to assure a sufficiently high clay content. A full flow inlet 

structure would be required. 

Sodium chloride is used successfully to seal ponds in various parts of the world. 

There is a minimum percentage of swelling clay necessary for this to be effective. The 

soils of the project ponds have a stable clay not appropriate for this technique. 

If the ponds were lined they would require annual maintenance. This would require a 

long-term technical assistance program to work with the local people to teach them to be 



-- 

decreased side area to bottom area ratio, 

2.6. GEOTECHNICAL STUDIES 

I f  i t  is desired to build unlined ponds in  other areas of West Africa, subsurface studies 

should be performed to avoid problems with infiltration. I f  there are existing ponds in the 

2.3. ALTERNATIVE POND DESIGNS 

Al  term tivc pond designs have been considered that would reduce infiltration losses. 

These include designs with Impermeable linings and those utilizing different pit 

geometries, 

The original pond design presented In the project design document (see Figure 2.1.) 

would lend itself well to llrting with plastic, bentonite or asphalt. The plastic or bentonite 

would need to be covered with a layer of lateritic %ail and finally with rocks and gravel as 

previously discussed. Al l  dikes would need to be completely rocked on the sides to provide 

erosion protection. This type of pond would need to be on a reasonably small watershed 
2 (approxirn;stely 3 km ) to avoid large floods that could wash them out. Proper location to 

assure filling without flooding would be difficult and Involve a finite risk of failure. The 

cost o l  building these lined ponds would be at least one-half greater than the $32,000 paid 

for the contracted ponds. 

The evidence that most of the infiltration losses occur through the pond embarik- 

ments suggests that the more efficient pit geometries are those with reduced side area 

relative to the bottom area, The maximum of such reduction would be the use of vertical 

sides. These would slump without stabilixation and therefore would need support from a 

retaining wall, Poslbilities for this wall include sheet metal anchored into the 

embankment and a rock or concrete retaining wall. Sheet metal would be subject to rapid 

deterioration and corrosion. The cost of installing and ntaintaining either of these 

structures makes them imprae tical. 

"Fe steepest slopes that would be stable arc one on two. f f more ponds are to be 

built, this is the maximum slope that should be used to assure that the embankments will, 

not collapse into the pond There would probably not be a significant difference between 

the infiltration with one on two slopes, compared w i t h  one on three slopes. 

Constructing the ponds shallower with greater bottom surface area is another 

modification meriting discussion. The primary drawback of this alternative is that the 

uppsr soil layers are more permeable than the lower increasing the overall possibility for 

infiltration through the pond sides and bottom. Evaporation would increase due to the 



Figure2.1. POJD I DESIGN IN THE ORIGINAL PROJECT DOCUMENT 

45 - 60 cm 
Inlet Pipe 

CcKection Dike Section 



a r e a  thei r  performance should be  studied along with t h e  subst ra ta  t o  revea l  local  

condit ions and problems. 

T h e  basic procedure  t h a t  needs to  be followed before  excavat ing a pond in a n  

unknown a r e a  Is t h e  boring of holes a t  t h e  perspect ive  s i t e  t o  at leas t  o n e  m e t e r  below t h e  

intended pond depth. A par t i c le  s ize  determinat ion should be made on e a c h  encountered 

soil  layer  which will yield t h e  pe rcen tage  of clay, sqnd and  silt. The  shrink/swell 

proper t ies  of t h e  c lay f rac t ion  should be  studied whlch will indicate  t h e  re la t ive  wa te r  

permeabil i ty of t h e  sol1 when considered with t h e  p a r  t ic le  s ize  analysis. Undisturbed 

samples  of soil should b e  s tudied for  t h e  ex i s tence  of plant or animal-created pores. T h e  

permeabil i ty of e a c h  l ayer  should be determined e i t h e r  with infi l trat ion t r i a l s  in t h e  f ield 

o r  determinat ions  with undisturbed c o r e  samples  in t h e  laboratory. 

Where subsurface condit ions a r e  l i t t l e  known in a n  a rea ,  severa l  test bores should b e  

drilled f o r  e a c h  pond. With exper ience the  n r ~ m b e r  could e i the r  be  increased o r  decreased  

depending on t h e  variabil i ty of t h e  condit ions encountered.  

2.7. STORM RUNOFF VOLUMES 

For some rains in various ponds i t  was  possible t o  e s t i m a t e  t h e  volume of runoff  and 

c a l c u l a t e  a runoff  c o e f f i c i e n t  for t h e  appropr ia te  watersheds. These  resul ts  a r e  p resen ted  

in Tab le  2.2. The s t o r m s  t h a t  yielded significant runoff were  typically intense thunder- 

showers. I t  i s  obvious t h a t  ponds with larger  watersheds  a r e  much more  likely t o  fill  than  

ponds o n  smal ler  watersheds. Ponds seem t o  pe r fo rm b e t t e r  in Type 2 soil t h a n  in Type I, 

d u e  t o  lower infi l trat ion ra tes ,  s t eeper  slopes, f ewer  na tu ra l  ponds, as well as larger  

watershed areas. Pond I appears  t o  b e  a n  except ion in t h a t  i t  s e e m s  to per fo rm b e t t e r  

than  o ther  ponds in Type  I soil. This judgement is based on observations by p ro jec t  

personnel f rom previous y e a r s  s ince  l i t t l e  d a t a  was  t aken  f rom t h e  site during t h e  study. 

T h e  relat ively high runoff r a t e  likely resul ts  f rom s o m e  slopes running nor th  t o  south  in to  

t h e  main s t r e a m  channel  t h a t  are approximately  I % as opposed to t h e  0.1 % charac te r iz ing  

m o s t  of t h e  o ther  areas. Fui t h e r  d a t a  is required if m o r e  deta i led  information concerning 

runoff is desired. 

2.8. - SEDIMENTATION .- 

E s t i m a t e s  of pond sedimentat ion r a t e s  were  previously presented in Tab le  1.4. T h e  

ponds wi th  t h e  highest r a t e  of sedimentat ion a r e  those  t h a t  r ece ive  t h e  l eas t  amounts  of 

water.  The sides of t h e s e  ponds a r e  highly eroded by gullies indicating t h a t  a major 



TABLE 2.2. 

I~UNOPP VOLUMES A N D  COEPP~CIENTS FOR SELECTED RAINFALL eveNprs 

Pond NO. 
Precipitation 

(mm) 
Runoff 

~ o l u m e ( ~ ~ )  
Watershed 
~ r e a ( ~ m 2 )  

Percent 
Runoff 

.pOTF& aFnr thmc- rah fa I I  pv-~!nc*r~?m ---vm- + rlrr!n;II -I-- 4- -- 
the  total  watershed areas. 

b ~ h e  ponds overflowed in these  events  making estimated runoff volumes and 
coeff ic ients  low. 



source of sedimentation is lrorn the pond sides. Ponds with low ra t e s  of sedirnentativn a r e  

filled several t imes during the rainy season. The rnost obvious example of thls is Pond i I 

which exhibited the, least seditnenu., The spoils pi1.s of thls pond a c t s  a s  a darn thirty 

meters  downstream from t h e  pit. A t  full config,urw,tion the  pit is  completely inundated 

and is not visible because of a large lake of water backed sevcral hundred meters  up the 

watershed. Thus, when rainfin11 occurs l i t t le  sediment is deposited in t he  pond beceiuse i t  

se t t les  out on the edges before reaching the  center. For this reason downstream spoils 

piles seem to  be a be t te r  design than side spoils piles. Full ponds a r e  also effect ive in 

controlling erosion. Therefore ponds tend t o  function bet ter  on the  larger watersheds 

(which keep ponds fuller) than on smaller ones. The dams can  break as happened on the  

large July 9 th  rain a t  several ponds but tha t  was only the second occurrence of this nature 

since the  f i r s t  pond was constructed. Repairing the  breaks required approximately 8 hours 

o f  bulldozer t ime (814) per pond. Pond i i s  again an exception in that  i t  seems t o  fill and 

yet  has a high r a t e  of sedimentation. This i s  probably caused by erosion off the  spoils pile 

which forms a high half circle around the  downstream portion of the  dam. It  would have 

been be t te r  t o  construct a lower, shorter dam which would result in less sedimentation. 



3, CQNCLUSIONS AND RIXQMMENDATIONS 

Tl~c ponds were designed to function with infiltration and evaporation losses at 35%. 

For most ponds infiltratlion and evaporation losses account for over 80% of the water 

remaining in the ponds after the last rain. The best possible case was 22% of the water 

stored in Pond 16 was ustrd by livestock. 

Mitigation of these problems is not recommended at the present time because of 

expense and the maintenance requirements after construction. The input of additional 

funds for this purpose would result in a lost investment, 

The conclusion is that thorough hydrologic and geotechnical studies are required 

before proceeding with expensive structures. In the case of this area they would have 

revealed permeable subsoil conditions that make pit pond construction unattractive, 







APPENDIX B 

SOIL D@SCHIPTIONS* 

Pit  Number 1 (see Figure 1.2.) 

Slope: 0 - 0.3% Physiography: Plateau 
, Stoniness: littsrerl with ironstone gravel 

Dralnage: excessive 
Horizons: 

A 0 - 22cm Dry Color: 7.5YR6/2, Moist Color: 10YR312 
Texture: Gravelly Loam (75% Sand, 8% Silt;i7% Clay) 
Structure: weak granular,, Consistence: slightly 
hard when dry, friable when moist, sticky when wet 
Lower Boundary: abrupt 

C I 22- 47cm Dry Color: 5Y  R6/6, Moist Color: 5 Y  R4/6 
consists of partially hardened plinthite 
Structure: massive 
Lower Boundary: gradual 

C2 47cm+ Solid Ironstone with pores that appear discontinuous 

it These descriptions use United States Uept. of Agricultural, Soil Conservaiion 
Service Terminology. 



Pit  Number 2 

Physiography: Flood plain above drainage channel 
Slope: 0 - 3% 
Stoniness: None 
Drainage; good 
Horizons: 

A 0-16cm Dry Color: 10Y R6/2, Moist Color: IOY R4/2 
Texture: Sandy Loam (78% Sand, 7% Silt, 15% Clay) 
Structure:. massive Consistence: slightly hard when 
dry, very friable when moist, slightly sticky when wet. 
Lower Boundary: abrupt 

B 61-4lcm Dry Color: 10Y R6/3, Moist Color: IOY R414 
Texture: Sandy Clay Loam (67% Sand, 10% Silt ,  23% 
Clay) Structure: massive, Consistence hard when 
dry, friable when moist, sticky when wet. 
Lower Boundary: abrupt 

C I  41-70cm Dry Color: 10YR714, mottles I 0 ~ 5 / 6 ,  Moist Color: 
Moist Color: 7.5Y R5/4, mottles IOR5/8 
Texture: Sandy Clay Loam (55 % Sand, 13% Silt, 32% Clay) 
Structure: massive, Consistence: hard when dry, 
very friable when moist, slightly sticky when wet. 
Lower Boundary: clear 

C2 70-1 3Ocm Dry Color: I O Y  R8/2, mottles 10K5/6 
Moist Color: 7.5Y R5/4, mottles IOR5/8 
Texture: Sandy Clay Loam (60% Sand, 12% Silt, 28% Clay) 
Structure: massive,, Consistence: hard when dry, 
very friable when moist, slighty sticky when wet. 
Lower Boundary: clear 

C3 140cm+ Dry 'Color: 5Y RI)/l, mottled, Moist Color: IOY R7/2, mottled, 
Texture: Sandy Clay Loam (51% Sand, 14% S i l t  35% Clay) 
Structure: weak subangular blocky Consistence: hard when dry, 
extremely f irm when moist, sticky when wet. 





TABLE CI. 

RAINFALL CHART 

A bar over a number through two columns indicates the combined rainfall of 
two successive rains (@ 1 
Missing data indicates a gauge down or missing/lost/stolen. 

+ indicates amroximate. 





APPENDIX D 

POND WATER VOLUME VERSUS TIME CURVES 



Figure 01. 

Pond Water Volume Over Time 
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Watershed 2.8km2 
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Figure 02. 

Pond Water Volume Over Time 
PCKld 6 
Watershed 3.9 km2 
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Figure 04. 

Psnd Vizier Volume Over Time 

Pond I 0  
Watershed 13.7 bn2 
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Pond Water Volume Over Time 

Pond 22 
Watershed 6.6 km2 
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Flgure D 13. 4.1m S~il lway 

Pond Water Volume Over Time 

Pond L2 
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LaE'l'll.ItMINA'l'ION Olj POND WA'SEIC LEVCL VEICSUS VOLUME IZELA'I'IONSI~III-' 

Pond wate r  ltlvcls wore  pcrlodlcillly rnccxsurcd with a nurvcylng level arid rod with 

rcspec t  t o  thc  top of iu m e t a l  rod driven in to  thc  soil adjacent  t o  eilch pond. Af tc r  thc 

ponds had d r l d  thcy wore surveyed and a topographic m a p  w a s  rnadc of each. A pond 

survcy c o w i s t a d  of rneasurlng the  elcvatiorla of key points in tho pond, t h t  is points a t  

which changes  in slopc occur  o r  mark t h e  top o r  bot tom of t h e  pond. Elevations wcrc  

~ ~ ~ e a s u r e d  with ~ ' c spcce  t o  t h c  rnetal  rod. The surveying lovcl has  a sca le  which p e n n i t s  

t h e  m e a ~ u r e ~ r n e n t  of t h e  horizontal  angle  between points and tr iangulation (stadia) i.4'OSS 

hairs t h a t  allow the determinat ion of t h e  dis tance from the  point in qucstion to t h e  

surveying instrument. Thus, each  point for a given pond was  plot ted  on paper and con tour  

lines (lines of constant  elevation) were  drawn t o  comple te  t h e  rnap. The rnap for  Pond L6 

is shown in Figure  E l  as a n  example. 

In  o rder  t o  de te rmine  t h e  depth  of water  versus wa te r  volume relation the  a r e a  

within e a c h  contour  line was  measured with a planimeter.  For  Pond L 6  these  a r e a s  a r e  

indicated on Figure  E2. The s to rage  capac i ty  between two con tour  lines was e s t i m a t e d  by 

calcula t ing t h e  average  a r e a  of t l ~ e  c,'&rtour su r faces  and multiplying by t h e  e levat ion 

d i f fe rence  between them. 

For  the  bot tom sect ion on  F igure  E2 t h e  volume is calcula ted a s  foilaws: 

Volume = 1/2 (Elevation Difference)  (Top A r e a  + Bottom Area) 

= 112 (0.5M) (4 1 2 ~ '  + 1 5 0 ~ ~ )  

Similar ca lcula t ions  for   volume!^ 2, 3 and 4 yield volumes of 927, 2974 and 1307 ctlbic 

meters ,  respectively. Summing these  volumes f rom t h e  bot tom %to top of t h e  pond yields a 

volume f o r  e a c h  of four elevations. These  a r e  presented in  t h e  following table. These  

d a t a  a r e  graphed in Figure  E2 t o  yield a pond volume versus depth  function. 

F igure  E2 w a s  used in con j :~nc t ion  with' observed pond wate r  levels t o  g e n e r a t e  t h e  

volume versus day of year  graph f o r  Pond L6, Water volumes corresponding t o  w a t e r  

d e p t h  f o r  Pond L6. 

Deptlh (Meters)  Volume (Cubic Meters)  





f '7uretE2, Pond Depth Versus Volume (Pond L6) 

VOLUME (cubic meters) 



Evuporutlon losccs wcro ecllculotcd for aach nianth uslng the monthly avi~poriltiorl 

data given in  'l'nblc A,2. and muitiplyiri)r, tho depth for cuch rnc~nth by tho averago potid 

surface arcn for that rnorrth, 'I'hc total evaporatlori rind catt le con~utnptloti cstitnirtes are 

then subtracted from the volurric of 'uater tho potid tmld on Sopternber 12 to yield nrl 

estimate for the inf i l trated volume. 

I POND 10 

I Evaporation Depth (mrn) 

Average Water Surface Area ( M , ~ )  I 201'9 1 1160 1 I 

Evaporation Volume = 306 M~ (4,8%) 

Livestock Consurnption = 167 hI3 (2,6116) 

Inf i l trat ion Volume = - 5927 M, (02.6%) 

6400 

Average Water Surfrce Area ( M ~ )  1 2662 1 1134 1 400 1 100 

Evaporation Volume (iv13) I 162 157 1 5 5  1 7 

Evaporation Volume = 38 1 M3 (6%) 

Livestock Consumption = 1121 M~ (17%) 

Inf i l trated Volume = - 4843 AA3 (77%) 

6400 



Sep t. March Total 

POND 16 12-30 Oct. Nov. Dec. Jan. Feb. 1-21 ( M ~ )  

Evaporation Depth (mm) 66 139 138 131 143 148 120 

Average Water Surface Area ( M ~ )  2260 1815 1453 1237 923 657 331 

Evaporation Volume (M 3, 149 252 201 162 132 97 40 1033 

Evaporation Volume = 1033 hA3 (1 1 %) 

Livestock Consumption = 2 154 M~ (22 %) 

Inf i l trated Volume = 65 13 M' (67%) 

9 700 
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INTRODUCTION 

The primary work accomplished in  the past 18 months was the hydrologic evaluation 

of the project pit-type ponds and the supervision of the construction of six new ponds by 

contract. The project equipment was used for the cleaning of old ponds, the completion 

of one pond, and the deepening of a natural pond. Firebreaks and access roads were 

constructed. The groundwater situation was reviewed. These activities are summarized 

in this report as well as observations concerning soil erosion in the area. 

The most significant conclusion i s  that wells are a more .practical source of wat.er 

than ponds in  areas similar to the Mbanici.1 zone. This i s  because wells offer 'a permanent 

water supply and can be constructed as well as maintained by the local population. Ponds 

are dry for several months each year and require outside technicians to build and maintain 

them. 

LIVESTOCK WATERING PONDS 

In terms of water resources the principal project activity has been the consiruction 

of 18 p i t  ponds placed in  drainage channels. The work completed over the past two 

seasons in this aree has included the construction of six new ponds by contract, the 

completion of one pond using project equipment, as well as the cleaning and deepening of 

10 ponds including one natural pond. Ponds have been of such high priority for the project 

that the hydrology of 17 pocds was studied over a one-year period in order to better 

understand the benefits they provide to the area, and to provide more information on the 

optimum location and design of the ponds. 

The conc!.;sion of the pond study is that a l l  of the ponds have severe infiltration 

problems. In  the best ponds not more than 30% of pond water is consumed by livestock. 

Typically, the percentage is much less than this. 

Ponds Constructed by Contract 

Six ponds were constructed over a fifteen-month period by Jean Lefebvre Inc. This 

activity had been initiated by Mr.'Ceorge Schurr, an engineer assigned to the project for 

several months at the end of the 1982 dry season. His recommendations were used as the 

basis of the contract slgned in  Apri! 1983. 

Pond sites were selected by evaluating individual watersheds for water-yielding 

potential and by using recommendations provided by the range manager on areas of 

underutilized range. 



The  pro jec t  equipment was  used t o  cons t ruc t  a t o t a l  of 64  k m s  of access road fo r  t h e  

six ponds. Twenty-tour km of t h e  t o t a l  were  seven m e t e r s  wide and t h e  remainder  

approximately five. The  p ro jec t  motor  g rader  was inoperable during most  of 1983 s o  t h e  

c o n t r a c t o r  used i t s  own g r a d e r  t o  smooth off t h e  t r a c k s  c lea red  by t h e  project  

equipment. The  project  g rader  was  operable  during t h e  1984 constuct ion season and 

performed t h e  required road maintenance fo r  t h e  contractor.  

The  con t rac to r  worked on  a l l  six sites from April t o  Ju ly  of 1983 but  did no t  c o m p l e t e  

any of t h e  ponds before  ra ins  hal ted  construction. I t  was ev iden t  t h a t  t h e  work s u f f e r e d  

f r o m  t h e  negligence of t h e  con t rac to r ' s  const ruct ion supervisor who was  rare ly  at t h e  

work site. The  c o n t r a c t o r  re tu rned  in April of 1984 and comple ted  t h e  majori ty of t h e  

remaining work when t h e  rains c a m e  again rendering work in t h e  a r e a  impossible. Both 

t h e  p ro jec t  and t h e  c o n t r a c t o r  agreed  t o  s e t t l e  t h e  c o n t r a c t  a t  th i s  point. 

The  t o t a l  e a r t h  excava ted  i r o m  t h e  six ponds was  44,600 cub ic  m e t e r s  ou t  of t h e  

an t i c ipa ted  48,000. The  diversion dikes  were  comple ted  on a l l  of t h e  ponds, and mor ta red  

rock in le t  s t ruc tu res  were  cons t ruc ted  in four ponds. On f ive  ponds t h e  spoils piles d o  not  

conform to t h e  plans. I t  i s  e s t i m a t e d  t h a t  th is  work will require  6 0  hours f rom t h e  project  

CAT 814. The con t rac to r  was  no t  penalized fo r  this unfinished job, taking in to  

consideration t h a t  t h e  work done by t h e  con t rac to r  in  roadwork, which was t h e  project ' s  

responsibility, represents  approximately  t h e  s a m e  quant i ty  of work. 

T h r e e  of t h e  four in le t  s t r u c t u r e s  washed o u t  in the  in i t ia l  ra ins  th i s  year. I t  is now 

evident  t h a t  they  w e r e  undersized f o r  t h e  high in tensi ty  thundershowers t h a t  occur  in this 

area.  T h e  s t ruc tu res  w e r e  built to design specifications approved by USAID, t h e r e f o r e  t h e  

c o n t r a c t o r  will b e  paid for  those  comple ted  but t h e  remaining t w o  will not  be  installed. 

C o s t s  Associated with Pond Constuct ion by C o n t r a c t  

The  following is a breakdown of t h e  work done  by pond a n d  t h e  c o s t s  fo r  e a c h  

operation. 

Pond No. + Excava ted  E a r t h  
Cu. M e t e r  

Pro tec t ion  Spill ways 
Likes-Meters Unit 



I tem Quantity Unit Unit Price $ Cost $ 

Excavation 44,600 Cu. Meters 2.8 1 125,326 
Inlet Structure 4 Each 4,2 10.00 16,840 
Diversion Dikes 2,575 Meters 1 1.54 29,484 

Total 17 1,650 

Cost of Access Road Construction 

(The hourly cost of operating equipment is itemized in the cost of equipment 

operation section.) 

24 Kms of 7 Meter Wide Road 

Bulldozer 
CAT D-6 

Bulldozer 
CAT 814 

C rader 
CAT l2OG 

I 

Machine Hours Worked Hourly Cost $ 

40 Kms of 3.5 - 6 Meter Wide Road 

Total $ 

Machine Hours Worked Hourly Cost $ Total $ 

Bulldozer 
CAT 814 8 1 30.55, 2,478 

Crader* 
CAT 120C 36 25.8 1 929 

I 
* Contractor performed this work as  well as several days of. work with a 

bulldozer (D-7) 

I Total for roads = $6,95 1 

Access Road Construction 
40 Days a t  $235/day 

Pond Location and Inspection of Construction 
21 Days a t  $235/day 

Total $ 14,335 



Grand Total for Six Ponds by Contract 

Contractor 

Road Construction 

Technical Supervision 

(Cost per pond = $32,156) 

Pond Construction by Proiect Equipment 

The only pond construction by project equipment in  the past two years was the 

, completion of Pond 2, near Toulekedi. This job required 93 hours for the D-6 and 83 hours 

I for the 814. Both of these times are much higher than they would have been had soil at  

the pond bottom not been wet, and i f  constant supervision had been provided for the 

operation. 

Pond Excavation Costs 

It is estimated that 490 hours of machine time (200 hours each from the D-6 and 8:4) 

are required to excavate an 8000 cubic meter pond. Using the machine costs given in the 

Equipment Operators section, this results in a cost of $12,000. To this amount must be 

added the cost of supervision (expatriate) as well as site selection. These are estimated 

a t  $15,000 bringing the total cost to $27,000. In  fact the project cannot construct ponds 

on 3 timely basis because of the administrative situation discussed in the Problem Areas 

Pond Cleaninp and Deepening 

Effort  was devoted to the cleaning and deepening of pond's to determine the 

maintenance costs of ponds and to increase their potential for water storage. The spoils 

piles downstream from the ponds were reshaped so that most of the rain falling on them . 

wi l l  flow away from the ponds. This i s  so that soil carried into the ponds wil l  be reduced. 

Protection dikes were constructed 'around the edges of the ponds to direct water into 

either the upstream or downstream sides of the pond to reduce erosion on the sides of the 

ponds. 

- The removal of sediment from pond!; - is a job for the D-6. It is a difficult task 

because of the wet conditions found below a several centimeters surface layer. It was 

found that the most efficient method for this task is  to  start on one edge of the pond and 

excavate a trench one blade wide down to solid soil. I f  conditions are too wet it is 

necessary to move closer to the edge until reasonably solid soil conditions are 

encountered. The trench can then be widened i n  small increments, digging deeper a t  



t imes  t o  maintain a solid base. If t h e  work becomes unacceptably muddy, dr ier  sed iment  

f r o m  t h e  sides of t h e  pond c a n  b e  pushed on top  of t h e  mud t o  reduce i t s  mois tu re  

content .  At tempt ing t o  begin at t h e  middle of t h e  pond by dozing off sediment  resul ts  in 

a s tuck  bulldozer. Generally t h e  pond bo t toms  a r e  m o r e  solid on e a c h  side than  t h e  

middle because  ancient  s t r e a m  sediments  tend t o  be deposited in t h e  c e n t e r  of t h e  

d ra inage  channels. Therefore ,  if sediment  excavat ion becomes bogged down on 

approaching t h e  middle f r o m  o n e  side i t  may be useful to switch t o  t h e  o ther  side. A t  t h e  

end of e a c h  day i t  was e f f i c ien t  t o  spread mud o u t  o n  c leaned a r e a s  t o  le t  i t  dry. A t  

tirnes t h e  slope of o n e  sect ion of t h e  s ide  embankments  needed t o  be reduced t o  al low t h e  

D-6 t o  push t h e  mud o u t  of t h e  hole. 

I t  was found t h a t  significantly deepening a pond is a difficult  task, d u e  in some cases 

t o  w e t  soil conditions and  in a l l  cases, t o  t h e  need t o  e x c a v a t e  e a r t h  off t h e  pond 

embankments  t o  maintain t h e  proper  slopes. It i s  much more  eff ic ient  t o  c o n s t r u c t  a 

slope as a pond is originally excava ted  than t o  change i t  a f t e r  completion. 

T h e  following table  conta ins  t h e  quant i ty  of work performed on  e a c h  pond and t h e  

t i m e  required by job and by machine t o  accomplish e a c h  task. The  reshaping of t h e  pond 

spoils piles is included in t h e  814 sediment  removal  time. 

Pond Cleaning and Deepening 

Pond No. 

Volume 
~ e d i m e n t ( ~ 3 )  

Volume 
~ e e ~ e n e d ( ~ ~ )  

Hours F o r  - D-6 
Sediment  811, 
Removal  

Hours F o r  D-6 
Deepening 8 14 . - 

N a t u r a l  Pond ?, 

A hole was  excava ted  four  m e t e r s  d e e p  at t h e  bo t tom of I<oli Mare  in a n  e f f o r t  t o  

inc rease  i t s  wa te r  supply. This pond should be  observed th i s  year. If i t  does  no t  hold 

w a t e r  p a s t  t h e  beginning of December,  t h e  hole should b e  refilled. T h e  814 could d o  th i s  

job in approximatO1y one  week. Clay taken in thin l ayers  off t h e  remainder  of t h e  pond 



should b e  used as a top  layer, shouid refilling b e  necessary. Each l ayer  of fill ,would need 

t o  be c o m p a c t e d  by t h e  814 in 40 c m  lifts. 

Pond Hydrology Study 

Seventeen ponds w e r e  hydrologically monitored over a one-year period t o  provide a 

basis for  evaluat ing pond performance.  T h e  most  impor tan t  conclusion of t h e  study is  

t h a t  be tween  70 and 90 percen t  of w a t e r  remaining in t h e  ponds at t h e  end of t h e  rainy 

season is lost  through infi l trat ion,  leaving l i t t l e  fo r  livestock consumption. 

Improvement  of th i s  problem by sealing t h e  ponds with plastic,  asphal t  o r  c lay linings 

would be  cost ly  and require  annual main tenance  t h a t  would not b e  performed without t h e  

supervision of a outs ide  technician. Various possibilities fo r  amel io ra t ing  t h e  ponds a r e  

discussed in t h e  repor t  but a n  a c c e p t a b l e  solution was  not found. 

FIREBREAKS AND ACCESS ROADS 

The  access roads for t h e  new ponds have been  discussed in t h e  previous section. T h e  

814 spen t  approximately  135 hours upgrading 1 0 0  kms of pa ths  in t h e  Ololdou and Sintiou 

Fissa Zones  to t h e  point where  a pickup c a n  use  them. This has  g r e a t l y  faci l i ta ted t rave l  

in t h e s e  areas.  

T h e  814 c leaned  160 k m s  of f i rebreaks  a f t e r  t h e  las t  rainy season, before  t h e  bush 

f i res  began. T h e  814 worked approximately  175 hours t o  accomplish th i s  job. Normally 

t h e  motor  g r a d e r  would d o  th is  work but  i t  was  impossible fo r  i t  to work at t h e  time. 

Unfor tunate ly  th is  work did no t  p reven t  large  land a r e a s  f r o m  being burned. I t  is a 

t radi t ion to set f i res  e a c h  year  a f t e r  t h e  rainy season. T h e  f i r e s  a r e  no t  extinguished by 

t h e  people unless they  t h r e a t e n  a village. Fi rebreaks  a r e  in tended t o  b e  p a r t  of a t o t a l  

fire con t ro l  program including fire brigades to extinguish fires. Because t h e r e  a r e  no 

e f f o r t s  in  t h e s e  a r e a s  and f i r e s  usually jump t h e  firebreaks,  t h e  fire con t ro l  program i s  of 

l imi ted value. I t  will cont inue to be so unless t h e  people are e f fec t ive ly  in tegra ted  in to  

t h e  program a n d  decide  t o  qui t  se t t ing  fires. 

\' 

, ) ,  

EQUIPMENT OPERATORS 

T h e  work goals  f o r  t h e  heavy equipment  w e r e  accomplished desp i te  t h e  dea th  of t h e  

motor  g rader  operator.  During t h e  p a s t  work season i t  b e c a m e  obvious t h a t  t h e  

equipment  opera to rs  require  cons tan t  supervision if they a r e  to work efficiently. F o r  



example,  without supervision t h e  maximum number of hours worked by a machine in a day  

was six; with supervision i t  was  common t o  work m o r e  than seven. 

The  majori ty of equipment  work was t h e  excavat ion and cleaning of ponds with t h e  

CAT 8 14 wheel dozer  and t h e  CAT D-6 bulldozer. I t  w a s  difficult  fo r  t h e  t w o  machines t o  

b e  e f f i c ien t  because  t h e  opera to r  of t h e  D-6 would no t  work as p a r t  of t h e  team. The  D-6 

opera to r  a lso  became very i r r i table  under t h e  cons tan t  supervision necessary t o  assure  

maximum productivity. The  814 operator  was  cooperat ive  but did no t  follow ins t ruct ions  

well and lacked t h e  abil i ty t o  make sound decisions when working condit ions c h a ~ ~ g e d .  He 

there fore  required cons tan t  guidance. 

These  problems w e r e  resolved by t h e  t r ans fe r  of the  D-6 opera to r  t o  t h e  motor  

g rader  which was only required on e par t - t ime basis and by providing ful l  t i m e  supervision 

on t h e  work site. T h e  apprent ice  of t h e  814 operator ,  who recent ly  received his 

operator 's  permit ,  was  assigned t o  t h e  D-6. I t  w a s  then  possible t o  double t h e  production 

r a t e  previously realized. 

T h e  conclusion is  t h a t  t h e  heavy equipment  opera to rs  need cons tan t  supervision. I t  is 

conceivable t h a t  a sys tem of monetary  reward f o r  a t ta ining well-defined production goals 

would increase  work output ,  but  c lose  supervision would still  be necessary  to  assure  high 

qual i ty  work. 

PROBLEM AREAS 

Over  t h e  l i fe  of t h e  project  t h e r e  have  been recurring problems t h a t  have rendered 

heavy equipment operat ions  extremely ineff ic ient  and necessitated t h e  const ruct ion o f  six 

ponds by contract .  T h e  basis of these  problems is  t h e  cumbersome n a t u r e  of working 

through government  agencies  which usually involves many more  people in even  small  

t ransact ions  than p r i v a t e  companies  a lone with t h e  const ra int  of many m o r e  regulations. 

Therefore  t h e  operat ion of heavy equipment even  with t h e  presence of a c o m p e t e n t  

supervisor i s  ineff ic ient  at best. 

Operat ional  needs  such as fuel, spa re  p a s t s  and  equipment repair  have  been difficult  

t o  obtain. T h e  fuel  problem was  solved when USAID ini t ia ted t h e  policy of giving fuel  

coupons di rect ly  t o  t h e  CRED team,  bypassing t h e  Senegalese government.  Spare  p a r t s  

usually had to be purchased by t ~ h n i c a l  advisors keatise pFoeuFemeFtt by t h e  Senegalese 

government took weeks  o r  was  never accomplished. In every  case however, t h e  money 

was reimbursed. When a serious breakdown occurred wi th  t h e  motor  grader ,  i t  took weeks 

be fore  a mechanic  a r r ived  on t h e  site. 



A fur the r  problem i s  t h a t  t h e  equipment  opera to rs  may not  be paid o v e r t i m e  by t h e  

government.  T o  d o  so  would m e a n  t h a t  they would e a r n  m o r e  than  the i r  superiors. Thus, 

if work falls  behind schedule  i t  is impossible t o  c a t c h  up by working overtime. This i s  

unheard of in  p r iva te  en te rpr i se  where c o n t r a c t  deadlines make  over t ime  a regular  

occurrence.  

Finally, t h e r e  is no f inancia l  motivhtion fo r  a government  operation t o  accomplish a 

given quant i ty  of work. This is t h e  underlying reason why equipment  is ef f ic ient ly  

opera ted  by c o n t r a c t o r s  bu t  no t  by t h e  government. Thus, as mentioned before, having 

c o m p e t e n t  construction supervisors on  t h e  job s i t e  cannot  ensure  e f f i c ien t  use  of t h e  

machines  in a government  operation. 

EQUIPMENT MAINTENANCE AND REPAIR 

A t  th i s  t i m e  (July 1984) t h e  equipment i s  in need of a substant ia l  quant i ty  o f  minor 

repa i r s  and  main tenance  operations. Many of these  operat ions  should ha-ve been 

performed months a g o  but were  no t  because  only t h e  essent ia l  maintenance and repair  a r e  

accomplished during t h e  working season. These  repairs  require  two  t r ips  by t h e  mechanic  

f r o m  Manutention Africaine,  t h e  Dakar Caterpi l lar  dealer. T h e  f i rs t  tr ip will require  t h e  

disassembly o f  t h e  machines  t o  de te rmine  wha t  new p a r t s  a r e  needed and if any  

reconditioning needs t o  b e  performed in Dakar. T h e  second t r ip  will be  t o  perform f ina l  

assembly and maintenance operations. A t  l eas t  o n e  barre l  e a c h  of hydraulic oil  (*lo), 

motor  o i l  (*40), and g e a r  o i l  (*90) should be  on  hand a t  Mbaniou before  t h e  a r r iva l  o f  t h e  

mechanic. 

The  following is  a l i s t  by machine of the  minimum operat ions  t h a t  need t o  be 

performed: 

Bulldozer D-6 

Replace  radia tor  f a n  bearing and check  s h a f t  fo r  wear. 
Replace  blade con t ro l  linkage a r m  bearing. 

Bulldozer 8 14 

Repair  hydraulic s t e e r a g e  system. This  may include t h e  rep lacement  of t h e  
hydraulic pump and t h e  rep lacement  of sears in t h e  hydraulic cylinders. 
Repair  inoperable l e f t  r ea r  brake. 
Rep lace  radia tor  fan  bearing and check  s h a f t  fo r  wear. 



Motorqrader 120G * 

Correct wobble in fan belt drive pulley. 
Check fan belt and shaft for wear. 
Replace blade cutting edges. 
Adjust blade circle clearances. 
several new tires and inner tubes are needed. 

Massey Ferguson Tractor 

Two rear tires are needed. 

Fuel Trailer 

Two rear springs are needed. The old mes are  completely broken. 

For all three pieces of CAT equipment the annual service procedures need to be 

performed as specified in the service manuals. It is evident that the CAT mechanic has 

I r.ot accomplished all the specified operations in the past. Some of the requir& operations 

ar4e valve lash adjustment, cooling system flushing with cooling system inhibitor added to 

the water after flushing, along with the changing of transmission and hydraulic oil where 

required. 

The project should also procure more air, fuel, and oil filters for all the machines if 

they are to  be further operated. Attempts to have the project p r o u r e  these items have 

failed so stocks are very low, or nonexistent. 

EQUIPMENT OPERATING COSTS 

I These costs have been estimated by observation of equi~ment  o~erat ion and 

Hourly Op 

discussions with project personnel: 

Bulldozer CAT D-6 
Bulldozer CAT 8 14 
Motor grader CAT 120C 

Price = $75,000 
Price = $67,000 
Price = $40,000 

eration Costs 

Operatorc Repair and 
Lubricants Costs Maintenance 

" 

Total 
- - 

CA,T D-6 $7.50 $1.85 $15.00 $30.38 1 $ 1 CAT 814 1 6.70 1.85 13.25 ' 30.59 

CAT 120G 4.60 7.03 1.85 12.33 25.8 1 - 
NOTES: aBased on 10,000 hours of machine life. 

b~ncludes price of transporting lubricants to  the job site. 
CIncludes $0.35 per hour for transport to  and from the job site. 



WATER WELLS 

Water f r o m  wells is relied upon throughout t h e  project  a r e a  fo r  both human and 

l ivestock co:~surnption par t icular ly  during t h a t  portion of the  y e a r  when no sur face  wa te r  

supplies a r e  available. T h e  p ro jec t  area may b e  divided in to  two  d i f fe ren t  sect ions  fo r  t h e  

purpose of discussing groundwater. T h e  basic spl i t  i s  between t h e  Senegal  and t h e  C a m b i a  

River  Basins. The  boundary between t h e  t w o  i s  c lear ly  defined by a l a t e r i t i c  outcropping 

t h a t  b isects  t h e  e n t i r e  p ro jec t  area .  

T h e  Senegal River  Basin 

In th i s  a r e a  groundwater  i s  principally found in o r  above rock, usually schist. T h e r e  

s e e m s  to exis t  l i t t l e  possibility for  high-yielding wate r  wells in this area.  T h e  immedia te  

prognosis for t h e  a r e a  is to deepen exis t ing wells t h a t  already yield s o m e  w a t e r  in a n  

a t t e m p t  t o  increase  t h e  supply. 

T h e  except ions  in th i s  a r e a  are in t h e  vic ini t ies  of Cabou and Ololdou. In these  two  

regions good wells exis t  apparent ly  owing t o  t h e  ex i s tence  of fau l t s  which f e e d  wate r  in to  

t h e  two  areas. Both t h e  regions a r e  basin bo t toms  surrounded by hills which con t r ibu te  t o  

t h e  flow of water. 

In t h e  long-term, if fu r the r  groundwater  development  is t o  be  real ized in this zone, 

extensive  geologic s tudies  will b e  required to d e t e r m i n e  where  deep  smal l  bore  wells need 

t o  be placed to in te rcep t  deep  rock f r a c t u r e s  t h a t  may conta in  water. Low flow r a t e s  

f rom exist ing small  bore  wells in t h e  a r e a  ( K a h i  and  Sintiou Fissa) suggest  t h a t  d e e p  wells 

would s u f f i c e  only f o r  village supplies, no t  f o r  l a rge  numbers of livestock. 

T h e  villages in t h e  Sintiou Fissa Zone which are along t h e  dividing l ine between t h e  

t w o  r iver  basins a l l  have wells on  t h e  con t inen ta l  terminal  (west)  s ide  of t h e  l a te r i t i c  

outcropping. Although t h e s e  wells a r e  not  as good as wells in t h e  Mbaniou Zone, they  

seem t o  have m o r e  po ten t i a l  than  those  east of t h e  escarpment.  

T h e  recommendat ion f o r  a short-term intervent ion in t h e  Ololdou a n d  Sintiou Fissa  

Zones i s  to deepen wells at t h e  following villages: 

Si ra  Mamadou Bocar, Samba  Kontaye,  S i ra  Dundee. 
. Arigabo, F e t e  Golombi, Ourousouli ,  Gambi  Diaobi. 

deepening. T h e  po ten t i a l  f o r  w a t e r  resource  development  in this a r e a  s e e m s  low. T h e  



prosent  sys tem of migration during t h e  dry  season f rom those. villages with poor wells 

cont inues  t o  be t h e  most  real is t ic  strategy.  Senegal  i s  fo r tuna te  in t h a t  t h e r e  a r e  

substantial  groundwater  resources  throughout most  p a r t s  of t h e  country,  It would not  bl: 

advisable t o  expend la rge  sums of money developing this marginal  wa te r  supply. 

T h e  Gambia  River Basin 

T h e  a r e a  in t h e  C a m b i a  River Basin is geologically re fe r red  t o  as con t inen ta l  

terminal. I t  consists  of ocean  deposited sediments  overlying bedrock. Throughout t h e  

Mbaniou Zone t h e r e  is  a sandy layer beginning a t  a dep th  of between 30 and 40 m e t e r s  

I 
t h a t  con ta ins  significant quant i t ies  of water,  This l ayer  i s  somet imes  broken by layers  of 

sandstone o r  large  rock f ragments ,  but generally s e e m s  t o  yield more  wate r  t h e  deeper  i t  

i s  penetrated.  Measurements  over t h e  p a s t  severa l  years by FA0 hydrologist, P ie re  

Cure t t i ,  indicate  l i t t l e  o r  no drop in t h e  wa te r  t a b l e  elevation. Thus, t h e r e  s e e m s  t o  b e  a 
reasonable w a t e r  supply in t h e  aquifer. 

Local Wells 

Most of t h e  wells in t h e  Mbaniou Zone have been cons t ruc ted  by local  well diggers. 

These  a r e  large  bore wells, usually abou t  1.8 m e t e r s  in d iamete r  t h a t  a r e  plas tered with 

c o n c r e t e  over wire net t ing and  reinforcing rod above t h e  wa te r  level. Below t h e  w a t e r  

table, pipe sect ions  t h a t  have  been fabr ica ted  on t h e  su r face  a r e  sunk in to  t h e  

water-bearing s t ra ta .  

T h e  two  causes  of fa i lures  in these  wells a r e  insufficient  penetra t ion of t h e  aquifer  

and t h e  collapse of t h e  p re fabr ica ted  pipe sections. Although t h e  c o n c r e t e  p las te r  f lakes  

o f f  t h e  sides of many wells  th is  does  not seem t o  seriously impare  t h e  wellst utility. I t  is 

a n  arduous task t o  dig t h e  pipe sect ions  one  m e t e r  below t h e  w a t e r  table  bu t  o n c e  th i s  i s  

accomplished a n  a d e q u a t e  w a t e r  source  for  a village is  established. 

The  m o r e  serious problem with t h e s e  locally cons t ruc ted  wells i s  t h e  tendency for  t h e  

c o n c r e t e  pipe sect ions  t o  col lapse  at t h e  bo t tom of t h e  well. This is because they a r e  t o o  

thin, t h e  c o n c r e t e  is of questionable quality, and t o o  l i t t l e  reinforcing s t e e l  i s  used. When 

these  sect ions  a r e  placed in to  a well, t h e y  remain  i n t a c t  for  a year  o r  m o r e  while t h e  

e a r t h  s e t t l e s  around t h e m  resulting in  increasing stress. A f t e r  severa l  yea rs  a c r i t i c a l  

s t r ess  i s  a t t a ined  a t  which point  t h e  c o n c r e t e  scct ions  are crushed. 

Given t h a t  t h e  well  fa i lures  occur  because  of t h e s e  pipe failures, improvements  

should b e  made  so t h a t  t h e  c o n c r e t e  p ipe  walls a r e  sufficiently th ick (10 cm), t h e  c o n c r e t e  

i s  of good quali ty and  a d e q u a t e  re inforcement  s t e e l  i s  provided. These  sect ions  need t o  b e  

fabr ica ted  at t h e  bo t tom of t h e  well unless a motor-driven winch with a tr ipod is  

available. 



The book, La Construction des Pults en Afrique Tropicale (Burgeap, 1981), provides 

excellent designs and instructions for well construction of this type. Local well diggers 

can be trained in this type of construction, This would require a long-term program to 

assure that quality work was performed. 

A 40 meter deep, locally Guilt well would cost approximately $7,000. This includes 

$3,000 for labor, $3,000 for materials (cement, reinforcing rod, forms, tools) and $1,000 

for technical assistance. 

Well Construction By Contract 

Given that the project has surpius funding it would be most effective to use it for 

wells in the Mbaniou Zone. Considering the short time period available, the work would 

have to be done by contract. Unfortunately most of the wells in the zone would not be  

safe to deepen with the equipment used by contractors. Therefore, it would be necessary 

to dig mostly new wells. 

These wells cost approximately $23,000 each according to estirnates supplied by the 

Project Director. In order to assure quality construction, the contractor's work would 

need to be inspected by the USAID Engineer or another recognized wells authority such as  

Piere Curetti. The wells should penetrate the aquifer by 5 meters to assure a long lasting 

supply of water. 

i t  has been suggested that the const'ruction of good wells in the villages of the 

Mbaniou Zone would increase grazing pressure around the villages. The opposite may be 

true because a t  present the catt le spend much of the dry season waiting in the villages to 

be watered a t  the wells. This is because flow rates into t h e  wells are  so low, catt le 

watering becomes an all-day operation. With a good well they could be quickly watered 

and herded to outlying areas where forage is more abundant. 

There are two large bore wells in the area that were built by technical equipment 

that need repairing. These are a t  Boulel and Gourel Macumbk: It  appears that both will 

need to have pipe sections a t  the bottoms of the wells replaced due to clogged filters. 

Since the upper casings of the wells are  solid, reinforced concrete, they may safely be 

repaired by contract. 
I t  mav be ~ossibie  to  d e e ~ e n  wells a t  Sowol and Ndiakone by contract. All the others 
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Mbaniou p resen t s  CA c p e c i d  problem because  i t  is located near  ' t he  project  s t a t ion  

which has a n  excel lent  well. The project  shrtcld consider le t t ing t h e  village use t h a t  well 

f o r  ca t t l e ,  and charging t h e  village f o r  t h e  fue l  required t o  pump t h e  wa te r  they use. 

Building a new well in Mbaniou does  not  sewn reasonable given t h e  ex i s tence  of a good 

o n e  500 m e t e r s  away, even though t h e  village is  denied access  t o  it. An a l t e rna t ive  would 

be  t o  deepen t h e  village well using t h e  methods  described in  t h e  Local  Wells section. 

WELLS VERSUS PONDS 

T h e r e  is continued controversy in Senegal  concerning t h e  m e r i t s  of wells versus those 

of ponds for wa te r  supply in a r e a s  where  l ivestock is raised. The present  discussion 

appl ies  only t o  t h e  cont inenta l  terrninal  region in Senegal where  a good groundwater  

resource  exists. This a r e a  encompasses most  of t h e  country. 

The main a rguments  favoring ponds are,  they tend t o  spread ou t  grazing pa t t e rns  (if 

cons t ruc ted  in underutilized rangeland), and they require no energy t o  w a t e r  livestock. 

Wells a r e  built near  villages where l ivestock tends  t o  overgraze  and they require  large  

quant i t ies  of energy t o  l i f t  water. 

The major  advan tages  of wells are t h a t  they may be cons t ruc ted  using methods  

famil iar  as well as avai lable  t o  local  people, and they  provide a year-round w a t e r  source. 

Ponds need t o  b e  cons t ruc ted  with heavy equipment  by outsiders and a r e  dry  f o r  severa l  

months  e a c h  year. 

The  con t rac ted  pr ices  for  ponds and wells a r e  of t h e  s a m e  order  of magnitude, 

approximately $30,000 and  $23,000 respectively. A i t e r  completion,  a pond should b e  

maintained with heavy equipment  every  f ive  t o  t e n  years. A sound well const ructed by 

c o n t r a c t  will l a s t  indefinitely with t h e  only maintenance being periodic cleaning t h a t  c a n  

be accomplished with hand tools by villagers. 

Wells c a n  be  and a r e  cons t ruc ted  by villages as previously discussed. The  main 

problem i s  t h a t  t h e  const ruct ion techniques need to b e  upgraded t o  p reven t  t h e  collapse of 

t h e  well bottoms. Building solid wells using local  workers would c o s t  on t h e  o r d e r  of 

$7,000 p e r  well and  in ject  money in to  t h e  local  economy if paid for  by donors. USAID i s  

current ly  f inancjng a wel! constructio_n p ro jec t  in the C a s a m m z e  Regition pf Senegal 
(which i s  a l so  training local  people t o  cons t ruc t  sound w a t e r  wells without ou t s ide  

assistance). This is a n  example  t h a t  should be  given consideration throughout Senegal. 

In summary,  al though ponds spread o u t  grazing pressure, they do not  provide a 

year-round w a t e r  supply; they  a r e  cons t ruc ted  and maintained wi th  m e t  hods unsuitable t o  

and  beyond t h e  means  of t h e  outlying areas of Senegal. I t  i s  the re fore  recommended t h a t  



techniques in o rder  t o  provide continuous w a t e r  sources  which c a n  b e  built and maintained 

by local  people. 

SOIL EROSION 

Soil erosion is of concern in t h e  p ro jec t  a r e a  because  i t  reduces  t h e  productivity of 

both agr icul tura l  f ie lds  and rangeland. Par t icular ly  in t h e  vicinity of villages t h e r e  exis t  

l a rge  a r e a s  of denuded terrain. These  a r e a s  mus t  b e  a result  in p a r t  of overgrazing and, in 

some instances,  of t h e  e f f e c t s  of cultivation. The  result  i s  t h e  same; t h e  su r face  loamy 

soil h a s  been removed by wind and wate r  leaving a more  clayey, less erodible  subsoil t h a t  

does  no t  provide a medium conducive to plant  growth. 

T h e  range  manager  has  performed severa l  field demonstra t ions  i l lustrat ing techniques 

f o r  reclaiming denuded areas. T h e  pr imary benef i t  of t h e s e  plots  has  been t o  sensi t ize  t h e  

local  population t o  t h e  problem of land degradation,  and t o  t h e  monumental  task  of i t s  

revegetation.  The message is t h a t  t h e  main component  of a range conservat ion program 

needs  t o  b e  t h e  p ro tec t ion  of product ive  land, primarily by controll ing l ivestock usage. 

I f  s t ruc tu ra l  measures  a r e  t o  be used they  c a n  only be  justified in conjunction with 

agr icul tura l  fields; it is  in these  a r e a s  t h a t  t h e  most  economically significant erosion is 

occurring. T h e r e  are frequent  ins tances  where  denuded a r e a s  are encrbaching in to  fields. 

Soil is t ranspor ted f r o m  t h e  fields over t h e  b a r e  a r e a s  in to  dra inage channels. Several  

measures  t h a t  should b e  considered t o  c o n t r o l  th i s  soil  loss include con tour  plowing, gully 

erosion con t ro l  with simple rock walls a n d  vegetation,  and planting t r e e s  on  t h e  downslope 

edges  of f ields t o  anchor  t h e  soil. 

CONCLUSION 

T h e  pr imary function of t h e  CRED t e a m  was t o  eva lua te  t h e  benef i t s  f rom t h e  

project. In t e r m s  of w a t e r  resources, pond const ruct ion has  been t h e  major  intervention. 

A s  a resul t  of t h e  hydrologic study, e s t i m a t e s  of t h e  amount  of addit ional  w a t e r  furnished 

b-iivestock by-ti~e-pondswouidaverage--undet-t8~-c&ic m e t e r s - p e ~ - p e ~ - w h i c i t ~ i e s - -  --- 

than  half t h a t  an t i c ipa ted  in t h e  p ro jec t  design. This problem is  a resul t  of inf i l t ra t ion 

losses which would b e  cost-prohibitive to stop. 

A major problem in t h e  const ruct ion of ponds is  heavy equipment  operation. T h e  

economic analysis should use  t h e  c o s t s  f o r  t h e  con t rac ted  ponds because  i t  has  been 

demons t ra ted  t h a t  t h e  p ro jec t  cannot  ef f ic ient ly  cons t ruc t  ponds, T h e  new ponds w e r e  

cons t ruc ted  o n  a c o n t r a c t u a l  basis fo r  t h a t  reason. 



T h e  const ruct ion of wells by c o n t r a c t  i s  appropr ia te  if large  amounts  of funding a r e  

available. O v e r  t ime,  working on t h e  local  level  would b e  less cost ly  and provide f o r  m o r e  

local  participation. A t  presen t  t h e  a t t i t u d e  of wait ing fo r  g i f t s  f r o m  t h e  p ro jec t  i s  too 

prevalent. 

This type of wells program could work over  much of Senegal where  substant ia l  

groundwater  reserves  exist. Water  supplies a r e  much m o r e  l imited in t h e  Sintiou Fissa 

and Ololdou Zones. I t  would not be appropr ia te  t o  make  large  investments  in t h e s e  a r e a s  

without fu r the r  studies. 

Given t h a t  t h e  p ro jec t  has  heavy equipment,  i t s  best  use i s  enlarging pa ths  t o  provide 

access t o  r e m o t e  villages. Fi rebreaks  will no t  prove e f f e c t i v e  unless t h e  number  of f i r e s  

s e t  i s  g rea t ly  reduced and  those  t h a t  d o  s t a r t  a r e  extinguished quickly. T h e  old a d a g e  s t i l l  

applies t h a t  if people  want  t o  burn t h e  bush they  surely c a n  and will. 

F u t u r e  p ro jec t s  in a r e a s  such as t h e s e  should begin slowly, t e s t ing  methods  and 

confirming resul ts  b e f o r e  making large  commitments .  If possible methods  t h a t  c a n  be 

learned by t h e  local population should b e  employed t o  ensure  a permanen t  benefit. 
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This is one  of four repor t s  by t h e  C e n t e r  for  Research on  Economic Development at 

t h e  University of Michigan on t h e  monitoring and evaluation of t h e  Eastern  Senegal Range  

and Livestock Development Pro jec t  No. 685-0202-C-00-2 137-00. T h e  project  was  

identif ied at a t i m e  when Senegal was  trying t o  rebuild i t s  nat ional  livestock herd a n d  

bring itself c loser  t o  food self-sufficiency in basic staples. Senegal lost  most  of i t s  c a t t l e  

in 1972 and ensuing years. Although t h e  national herd was  eventually brought back up t o  

predrought level  (in 1979), t h e  mid-seventies saw a n  ongoing s t ruggle  t o  rebuild herds on 

t h e  basis of still  very l imited range resources. According t o  t h e  Pro jec t  Paper  fo r  t h e  

period of September  29, 1975 through December  31, 1978, t h e  purpose was  Itto insure t h a t  

t h e  population involved in t h e  p ro jec t  a r e  prepared both to manage and  maintain t h e  

improved system, as well as to use  t h e  increased revenues f r o m  t h a t  sys tem t o  improve 

thei r  condit ions of 1iving.l' T h e  basic idea  was  t o  design a replicable, in tegrated approach 

t o  range maintenance and l ivestock development. This w a s  done through a technical  

package comprising original and exper imental  components,  especially t h e  es tabl ishment  of 

wa te r  c a t c h m e n t  ponds s c a t t e r e d  through vast  a r e a s  of previously underuti l ized 

rangeland. Unfortunately,  t h e  baseline and monitoring d a t a  necessary t o  assess t h e  

applicabil i ty and replicabil i ty of t h e  project 's  exper imental  components  were  no t  

sys temat ical ly  collected.  In  1980, t h e  project  was  t h e r e f o r e  redesigned to include 

monitoring and evaluat ion for  t h e  assessment  ' of project  impact ,  viability and  

replicability, and t h e  design of a range and c a t t l e  management  plan. 

The  assessment  and monitoring e f f o r t  undertaken by t h e  CRED team and pro jec t  

s t a f f  included hydrology and engineering, range resources  a n d  use (plus t h e  design of a 

sui table  range management  plan), and socioeconomic indicators. 

Chief  a r e a s  of t h e  socioeconomic survey covered demography and  e x t e n t  of 

out-migration, agr icul ture  (including area cu l t iva ted  and  production by crop), labor, sales,  

and income. Household food consumption was a lso  monitored throughout t h e  year;  

l ivestock was monitored f o r  s ize  and composit ion of herds, ro le  in agriculture,  and  -- --- - 

income. T h e  study of sociocultural  s t ra t i f ica t ion,  t h e  impor tance  of livestock, change  a n d  

e f f e c t s  of out-migration was  under taken also. Finally, nonfarm income (both locally 

ea rned  and remit tances)  as well as t h e  impac t s  of project  in tervent ions  on animal  health,  

marketing,  extension,  educat ion and  human heal th  were  assessed. 
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T h e  principal findings of t h e  socioeconomic survey c a n  be summarized briefly as I 
The impor tance  of agr icul ture  in t h e  rura l  economy, and i t s  s t rong 
complementa r i t i e s  with livestock had no t  been fully apprecia ted in t h e  project  
documents  and in t h e  or ienta t ion of overal l  p ro jec t  activit ies.  This was  seen 
first and fo remos t  as a range management  and "livestock" project ,  whereas  t h e  
beneficiary population, al though it der ives  most of i t s  income from livestock 
sales, consis ts  essential ly of sedentar ized farmers. 

The e x t e n t  of out-migration and i t s  impac t  on t h e  local  labor  f o r c e  had been 
underestimated; consequently, t h e  role  played by migrants '  r e m i t t a n c e s  in rura l  
incomes as a source  of investment,  and  motor  of social  change,  i s  much g r e a t e r  
than was  previously suspected. 

The  impac t s  of project  ac t iv i t i e s  have been qui te  mixed a n d  f e l t  in many ways. 
Some interventions,  l ike f irebreaks,  have been ine f fec tua l  wi th  respec t  t o  thei r  
primary purpose, but have had s o m e  s izeable  posit ive secondary effects .  For  
example, f i rebreaks  and const ruct ion access roads have opened up a la rge  a r e a  
which seriously suffered f rom isolation f rom t h e  res t  of Senegal, and  f rom lack 
of communicat ions  within t h e  area itself. The  wate r  c a t c h m e n t  ponds built 
throughout t h e  project  area,  have  co l l ec ted  water ,  and have definitely been used 
by animals,  but  thei r  impac t  i s  severely  l imi ted for  a number of reasons. First ,  
t h e  s ty le  and p rac t i ces  of l ivestock and  range management  prevalent in t h e  
a r e a  a r e  no t  reconciled wi th  t h e  ra t ionale  behind t h e  location of most  ponds. 
People  st i l l  p r e f e r  having t h e  ponds c lose  t o  their  villages. Secondly, t h e  design 
of ponds -- given local  soils -- leads  t o  extremely high w a t e r  losses through 
infiltration. Ponds the re fore  only re ta in  water  for  shor t  periods of t ime, and 
any gains  t o  t h e  animals  or re l ief  on denuded a r e a s  around villages a r e  not  
suff ic ient  t o  reverse  established t rends  in  livestock weights o r  in t h e  condit ion 
of t h e  range near  se t t lements .  

On  t h e  o t h e r  hand, some ancil lary project  in tervent ions  have given very 
encouraging results. The  res t ructur ing of extension fo r  an imal  heal th  services  
along r a t h e r  exper imental  lines, in t h e  Senegalese context ,  i s  a notable 
example. C a t t l e  marketing and supplemental  feeding a lso  made  some inroads, 
al though much remains  t o  be done  in t h e s e  areas. Still with respec t  t o  
extension services,  t h e  well-attended and successful  functional l i teracy 
program in  Pulaar  has  contr ibuted to opening t h e  a r e a  t o  t h e  outs ide  world, and 
in revital izing t h e  s t r u c t u r e  of social  re la t ions  between sexes  and be tween  
social  strata. Finally, s o m e  in f ras t ruc tu ra l  developments  have provided t h e  
essential  basis f o r  t h e  appearance  of addit ional  social  services. F o r  instance,  
t h e  Mbaniou base  h a s  become a pole of a tWact ion f o r  public services  in 
educat ion and human health, Similarly, t h e  local Maison Famil ia le  Rura le  
introduced in fan t  weinht and-growth- monitoring, and motorized_grain - - - -- - -  mills. - 

The nonagricultural  sec to r  i s  surprisingly and increasingly act ive .  T r a d e  has  
opened up; migrants1 r e m i t t a n c e s  fuel  economic exchanges  and  provide t h e  
main nongovernmental  source  of funds  f o r  p r iva te  and  community  level  
investments. 

F o r  these  and  o t h e r  reasons, t h e  socia l  system, while remaining highly s t ra t i f i ed  I 
and  tradition-oriented, shows def in i t e  signs of change. However,  t h e  socia l  I 



system is  a l so  goin t o  place  s o m e  l imi ts  on  t h e  adoption of new p r u c t i c m  in 
fa rm and l ivestock 7 range management,  F o r  one  thing, t h e  secular  pa t to rn  of 
long-distance migration i s  likely t o  remain a major f e a t u r e  in the area ,  with 
known implications on availabil i ty of family labor, consumption and investrnont 
f r o m  remit tances .  The  low level of educat ion and strongly hierarchic  decision 
making will con t inue  t o  cons t i tu te  serious obstacles  t o  t h e  adoption of new 
ideas  and methods  on l ivestack and range  management,  and on protect ion of 
land around villages. Finally, some dynamism has been observed in social  
s t ra t i f ica t ion,  but i t  remains  strong; in conjunction with fractlonalism in t h e  
area ,  i t  m o s t  likely will cont inue t o  res is t  communal  resource  management  
schemes. This res is tance can eventually only be  overcome by fo rces  applied 
f rom within t h e  local  society,  a f t e r  very long- t e rm sensit ization and educat ion 
efforts .  

1.2. INT1100UC'fION A N D  BACKGKOUND 

This is  one  of four repor t s  reporting on  t h e  monitoring and impac t  assessment  e f f o r t  

f o r  t h e  Eastern  Senegal  H s c ~ a  and Livestock Project ,  he rea f te r  known as t h e  Uakei 

project ,  as amended. The  orher  repor t s  include: S y n t h e s i ~  (of findings), Range  

Management,  and Soils and  Water ~ n ~ i n e e r i n ~ .  

T h e  purpose of t h e  original  p ro jec t  (December  1974), was  t o  f inance t h e  c o s t  of t h e  

equipment,  materials ,  construction,  technical  assistance,  education, t ra ining and research 

a i m e d  at improving l ivestock production in  t h e  ToulekediISarre Zone. The  project  was  t o  

provide a model for  a n  in tegra ted  approach t o  livestock development which might b e  

expanded t o  o ther  p a r t s  of Senegal and t h e  S a h e L T h e  main components  of t h e  Logical 

Framework were  as follows: 

0 Project  Purpose: T o  develop a replicable sys tem of in tegrated s tock and range 
management  socially accep tab le  and economically viable, 

0 Verifiable Indicators: Existence of range  and stock, increased t a r g e t  a r e a  
incomes, GOS capabil i ty to manage  t h e  system, 

0 Means of Verification: V r ~ p e r ~ ~  use  of water-points, improved range 
conditions, improved milk production, c a t t l e  n l ~ m b e r s  under a proper ceiling, 
o f f t a k e  r a t e  up t o  14%. 

0 Necessary Assumptions: Support by t h e  Government,  No unusual cons t ra in t s  on 
production (e.g. weather), Nonuniqueness of t h e  l3akel area. 

- - - . - -. -. - - -- - - - - -. - - -- - - -  - -- - 

0 Pro jec t  Expected Output:  Introduction of t h e  concep t  of range and of l ivestock 
management ,  management  capabil i ty demonstration,  training, research.  

Th is  t y p e  of pro jec t  was given high priori ty by t h e  Government  because  of thei r  

willingness to g e t  over  t h e  drought, the i r  sec to ra l  object ive  of rangeland con t ro l  and 

development,  and t h e  new emphasis placed on t h a t  a r e a  of t h e  country. T h e  project  itself 



was to follow a systems approach encompassing livestock, vegetation and water resources, 

human needs, transportation and marketing. Thc easternmost part of the country, known 

as Senegal-Oriental was seen as "xone de nalssap;e;" young animals born in the, area were 

to grow out in the peanut-grewing areas of central and western Senegal. 

The original project was evaluated during the Joint Assessment of AID Assistance to 

Senegal, in 1980. As far as we are concerned, the results of the evaluation showed that 

the model sought had not been provided, mostly due to shortcomings in research and 

monitoring efforts. 

In addition to an expansion and organization of the project area into three distinct 

zones (see Map I.I), the project paper amendment identified four main types of tasks as 

part of the redesign effort: (a) to refine the application of the ponds to the specific 

range; (b) to introduce range condition iimnitoring and managing techniques; (c) to refine 

certain health and management services; and (d) to refine project management according 

to this set of goals. 

With particular respect to monitoring and evaluation there were two main objectives: 

i. To assess the net effect of project interventions to determine the economic 

viability and potential for continuation in the same area or replication 

elsewhere (this addressed essentially questions of hydrology and engineering, 

and socioeconomic issues); 

ii. To use the inforination to concurrently - regulate animal numbers to range 

carrying capacity and water supply, that is, to design and test a Range 

Management Plan. 

1 1.3. RESEARCH APPKOACH 

i The socioeconomic study started in January of 1983, and was carried out in the 

project's three zones: Mbaniou, Ololdou and Sinthiou Fissa. Some baseline data had been 

collected during earlier phases of the project, but it covered only a few specific areas, 

focussed on part of the project zones only, and was incomplete. Without the option of 

doing straightforward beforelafter comparisons, the best approach was to gain as clear an 

understanding as possible of the overall situation in the area, and a much sharper 

1 appr&&* eeftewte wqm so!hw wing 
the socioeconomic study therefore covered the domains most likely to provide a better 

understanding of the socioeconomic, cultural and physical milieus. The various areas of 

enquiry were covered through interviews and surveys in 120 households in a dozen of 

villages; they were as follows: 





Human Demography: household composition, including pr imary and  secondary 
occupations, level qf education,  and  migration experience.  The  basic 
demography of o t h e r  village households were  a lso  collected. 

Ap;ricultural and Livestock Calendars:  once, for  a l l  surveyed households, 
including typical  ac t iv i t i e s  in agr icul ture  and an imal  husbandry, by c rop  and 
season. 

Field Surveys: measurements  of a l l  f ields of a l l  surveyed households, and 
information on c rops  cul t ivated,  fallow, and  production. 

Food Consumption: e a c h  of t h e  120 surveyed households was  followed for  t h r e e  
consecut ive  days, at t h r e e  d i f fe ren t  seasons of t h e  year. Type arid quant i ty  of 
food prepared,  and t h e  number of consumers, including pregnant  and nursing 
women were  recorded. 

Sales of F a r m  Products: for  a l l  households, every  two  weeks, recorded sa les  of 
c rop  and l ivestock products, including milk. This included quant i ty  sold, type  of 
buyer, and  p r ice  received. 

Purchases  of Food Items: for  a l l  households, semimonthly questionnaires were  
adminis tered on  purchases  of food i tems, including quanti ty,  p r i ce  and p lace  of 
purchase. 

Heal th  S t a t u s  a n d  Demographic Change over  t h e  Survey Period: semirnonthly 
interviews fo r  e a c h  followed household. 

Evolution of Livestock Holdinps: semimonthiy interviews on  changes  in holdings 
of large  and  smal l  ruminants  (births, deaths,  purchases, sales, loans, etc.). 

Agricultural  Labor Allocation: 30 households w e r e  in terviewed daily fo r  120 
days. Informat ion covered t i m e  spen t  by family  and o t h e r s  in t h e  household's 
fields, and  the i r  activit ies.  

Life Histories of Cows: l i fe  histories fo r  402 cows, including age,  number of 
offspring, the i r  outcome,  d a t a  on survivors, etc. 

Livestock Census: a one-time census  of livestock holdings of a l l  surveyed 
households. 

Nonagricultural  Income: unscheduled in terviews of a l l  surveyed households, 
including act iv i ty ,  season, and e s t i m a t e d  revenue. 

Manurely  ields Relationship: measurements  of manure  applications be fore  
planting a n d  of yield, fo r  a smal l  sample  of f ields in t h e  area.  

- 
Infant  Mortality: fo r  a l l  surveyed households, pregnancy histories of women, 
numoer o r  mlscarrlages,  hfmt ac t - - - -  -.- - -- - - - 
Migration: unscheduled in terviews in a l l  households on t h e  number of years  
abroad, location, s t a t u s  and p lace  of employment,  and  c u r r e n t  situation. 

Livestock plays. a pervading ro le  in people's socia l  and economic lives, at,ld o n e  had to 

i n t e g r a t e  t h e  socia l  sys tem in to  resource  management  plans. S o m e  of t h e  informat ion 



col lected by t h e  socioeconomic t e a m  was  the re fore  pu t  t o  several  uses. F o r  instance,  t h e  

range management  p l a r  used d a t a  co l l ec ted  by t h e  socioeconomic t e a m  on herd 

composition, l ivestock marketing,  herd s i z e  p e r  household, field s izes  and yields, and  labor 

al location t o  herding tasks. The  socioeconomic d a t a  used for  degradat ion control  included 

labor al location,  and overall  household economy. With respec t  t o  herders1 associations, i t  

covered herd s ize  and composition, migration, village aff in i t ies  and o ther  anthropological  

insights. Finally, for  l ivestock productivity, t h e  socioeconomic t e a m  col lected 

information on milk production, and t h e  p lace  of milk in human consumption. 

Gather ing information over  t h e  t h r e e  p ro jec t  zones  involved a combination of d a t a  

collection approaches  and processes. In addit ion to t h e  principal field researcher ,  severa l  

t e a m s  of par t - t ime o r  full- t ime enumera to rs  were  required. The  chief ones  were  as 

follows: 

1.4.1. 

AVEs (Agents  Vulgarisateurs dlElevage) and ATEs (Agents  Techniques 
d t E l e v a ~ e ) :  p ro jec t  extension s taff  who worked par t - t ime o n  t h e  survey f rom 
t h e  villages where  they were  assigned. 

Women Enumerators: hired a r ~ d  t ra ined separately,  they worked full-time 
th roug l~out  t h e  study o n  food consumption in t h e  t h r e e  zones; they w e r e  a l so  
residing in thei r  assigned villages. 

Specific Surveys: smal l  t e a m s  who were  employed full-time for shor t  periods, 
working on specif ic  a r e a s  (measuring fields, tracking labor al location,  col lect ing 
c a t t l e  l ife histories). 

The  Principal  Field Kesearcher: worked full-time supervising a l l  surveys, and 
conducted unscheduled s tudies  on  social  organization, village nistories, 
migration an3 remit tances ,  nonagricultural  income, etc. 

Two Assistant-Researchers: o n e  supervised enumera to rs  and conducted specif ic  
surveys; t h e  o t h e r  verified d a t a  and e n t e r e d  i t  in to  t h e  por table  microcomputer  
based in Mbaniou. This compute r  (Hewlett-Packard 85) was  operat ing on 
ba t t e r i es  powered by a combination of solar  panels and occasional charges  f rom 
t h e  base's n igh t t ime  e lec t r i ca l  generator.  

1.4. THE SETTING 

Recur rence  of Subsistence Cr i ses  

A recen t  s tudy of t h e  Bake1 area has  documented t h e  recurring p a t t e r n  of subsis tence 

c r i ses  t h a t  spanned a n  88-year period f rom 1858 to 1946. According t o  admin i s t ra t ive  

documents  aqd ora l  h is tor ies  of this period, t h e r e  have  been f ive  major famines  last ing 

e ight  months or more,  t h r e e  famines  s t re tch ing  over  t w o  agr icul tura l  seasons, n ineteen 



famines  lasting th ree  t o  e igh t  months, and twelve periods of hardship t h a t  las ted abou t  

two months  e a c h  (Chastanet ,  1982:29). 

This  does  not  d i rect ly  apply to t h e  project  a r e a  s ince  only t h e  northern sect ion of t h e  

Ololdou Zone would have  been included in t h e  study and our  own exper ience has  shown 

t h a t  t h e r e  i s  wide variat ions in rainfall  pa t t e rns  in t h e  region. T h e  fact remains, 

however, t h a t  t h e  area has been plagued with a recurring p a t t e r n  of subsistence c r i s e s  

over  t h e  las t  hundred years. T h e  social  s t ruc tu res  and t h e  economic s t ra teg ies  of t h e  

local  population r e f l e c t  th is  fact .  

1.4.2. Historical  Background 

T h e  p ro jec t  is loca ted  in t h e  nor theastern  third of a n  a r e a  known as t h e  Boundou. 

The  Boundou as a theocra t i c  s t a t e  was  established by Malick Sy in 1690 and kept  in t h e  

hands of his descendants  unti l  t h e  1900s. The  sociohistorical  roots  of t h e  population in t h e  

project  a r e a  today a r e  d i rec t ly  linked to t h e  es tabl ishment  of t h e  Boundou as a theocra t i c  

state. Malick Sy, a Toucouleur of Torodo priest ly caste went  f rom t h e  F o u t a  Toro t o  t h e  

Boundou par t ly  t o  conver t  i t s  pagan Bambara  inhabi tants  to Islam. T h e  economics of t h e  

Boundou during t h e  e igh teen th  a n d  t h e  f i rs t  p a r t  of t h e  nineteenth  cen tur ies  were  based 

on t h e  con t ro l  of gold mines  along t h e  Fal6m6, t h e  control  of t r a d e  rou tes  f r o m  Mali to 

t h e  Gambia,  and  on t h e  production and s a l e  of millet  (Suret ,  no date). 

T h e  p ro jec t  a r e a  covers  approximately  260,000 hectares.  I t  i s  adminis t ra t ively  

divided in to  th ree  zones: t h e  oldest  zone Mbaniou, and  t w o  new zones, designated as t h e  

Ololdou and  Sinthiou Fissa Zones, which were  added t o  t h e  p ro jec t  in 1980. A t  i t s  widest  

points t h e  project  a r e a  is  approximately  100 ki lometers  wide by 100 ki lometers  long. 

1 . 4 .  T h e  Mbaniou Zone 

Population is  concen t ra ted  along t w o  axes. T h e r e  a r e  a number of villages along t h e  

Bakel-Mbaniou-Coudiry road, and  a number of villages a long a n  east-west  ax i s  s t a r t ing  

f r o m  Mbaniou.. These  villages have  been linked by a pro jec t  firebreak. T h e  th i r t een  

villages in t h e  a r e a  a r e  small, ranging in population f rom less  than  100 t o  approximately  

350 inhabitants. 

1 . 4 4  T h e  Sinthiou Fissa Zone 

- ~ m - ~ ~ ~ ~ .  ~ ~ k t i g .  w - ~  & i  k ~ ~ * t ~ ; ; i i k : & v i I t a ~ - ~  La-ts- 15- 
ki lometers  f r o m  t h e  Bakel-Kidira-Coudiry road. T h e  major villages of Bele, Sinthiou Fissa 

and  Youpe Hamady a r e  along t h e  road i tself ,  but  a n  impor tan t  l ine of villages a r e  loca ted  

just east of  t h e  escarpment.  S o m e  of t h e s e  have  major  problems with  w a t e r  fo r  human 

consumption. T h e  villages o f  Wali Diala, Birfal, and  Gourel  Maman Ndieye are to ta l ly  



abandosred during t h e  dry season. The  population of these  villages migra tes  t o  t h e  village 

of 0urousoul6, in t h e  c e n t e r  of t h e  zone, where  t h e r e  is  a good well. The o ther  villages 

along t h e  e a s t e r n  s ide  of t h e  esca rpment  must  d raw w a t e r  f r o m  wells located on t h e  

escarpment ,  which a r e  generally t h r e e  to f ive  kilometers away  f r o m  t h e  se t t lement .  

1 . 4 5  T h e  Ololdou Zone 

The  0 dou Zone h a s  t w o  main c l u s t e r s  of villages. The  nor thernmost  of these  

consists  of smal l  villages along t h e  Bakel-Mbaniou road between Bake1 and t h e  

escarpment.  T h e r e  is a group of villages s t a r t i n g  with Ololdou t o  t h e  north which are 
fairly isolated f rom one  another,  and two  impor tan t  c lus te r s  of villages t o  t h e  south, t h e  

Gourels  and t h e  Siras. These  villages range  in population f rom I25 t o  150 o r  less. 

The  Gourels and in part icular,  t h e  Siras, have a major wa te r  problem f o r  animal  and  

human consumption. This fo rces  a p a r t  of their  population t o  m i g r a t e  during t h e  dry  

season t o  find enough w a t e r  f o r  their  animals. T h e  difficulty in  obtaining wate r  in  t h e s e  

villages s t e m s  f rom t h e  geology of t h e  area. The esca rpment  which is qu i t e  pronounced 

throughout t h e  a r e a  marks  t h e  end of t h e  cont inenta l  t e rmina l  and t h e  watershed 

boundary between t h e  Gambia  River, and t h e  Senegal a n d  Fal6md River Basins. O n  t h e  

cont inenta l  t e rmina l  i t  i s  possible t o  find groundwater  at dep ths  of 3 5  t o  55 meters.  On  

t h e  o t h e r  s ide  o f  t h e  cont inenta l  t e rmina l  which borders t h e  Ololdou and  Sinthiou Fissa  

Zones, groundwater  i s  rarely available. T h e  c loser  one  is  t o  t h e  esca rpment  t h e  l eas t  

likely o n e  is  t o  find groundwater. 

T h e  second concentra t ion of villages of t h e  Ololdou Zone l ies along t h e  Bakel-Kidira 

road where  t h e  villages of Bema and S a r r e  a r e  located. The l a rges t  community  in t h e  

zone  is  t h e  small  town of Cabou. 

1.5. BASIC DATA ON PROJECT BENEFICIARIES 

1.5.1. Ethnic  Composit* 

T h e  major i ty  of t h e  population in t h e  p ro jec t  a r e a  considers i tself  Hal Pulaar  of 

Fulani and Toucouleur descent. Along t h e  nor thern and e a s t e r n  boundaries of t h e  project  

zone  t h e r e  is a group of mul t ie thnic  communities.  These  a r e  t h e  villages of Sarre,  Bema 

and  -- t h e  - smal l  town - o f  C&ou, They include Toucouleur, Ful-ani, Bambara  and - - Soninke - -- 

population. In a f e w  o t h e r  villages of t h e  p ro jec t  zone  t h e r e  is a very small  pe rcen tage  of 

non-Fulani o r  non-Toucouleur people of undetermined caste. These  smal l  groups c a n  b e  

found primarily in border villages of t h e  Ololdou a n d  Sinthiou Fissa Zones. 



The study sample reflects the rural character of 

primarily monoethnic, with strong dominance by 

patronyrns dominate among the upper and ruling 

households that identify themselves as Fulbe, and 

the project area: villages chosen are 

the Toucouleur and Fulani where 

castes of the Doundou. There are 

the population as a whole idealizes 

Fulani culture and ideology, but the dominant patterns of social organization are 

l'oucoiile~~. 

1.5.2. Social Structure 

The social organization follows the hierarchical stratified caste system of the 

Toucouleur, where the Torodo priestly caste holds the superior position. The Torodo were 

the first to convert to Islam and assumed the position of power as priests and headmen. 

Prior to their conversion, the Torodo were not necessarily members of the upper caste, 

but they consolidated their dominant position through their role as proselytes of Islam 

(Wane, 1969: 34-38). The Torodo caste is highly endogamous; wornen are closely guarded 

and expected to marry within the caste. 

The Torodo are followed by the Sebbe caste who, prior to Islamization, had been the 

ruling group. Within the caste there are several levels of rulers, soldiers, courtiers, and 

counselors, all of whom are considered freemen. Fishermen or Subalbe are the only other 

freemen caste, but there are very few members of this group in  the project area. After 

the freemerl caste come the AAaboubC or craftsmen; weavers, smiths, woodworkers, 

potters, musicians, singers and genealogists. The lowest position in  the social system is 

held by the slave caste. The slave caste consists of al l  social strata of other ethnic groups 

subjugated by thc followers of El  Hadj Malick Sy, or sold by their captors to families 

living in the Boundou. Most Maccube or slave caste households in the area are of Hambara 

origin, the Bambara being the ethnic group defeated by El  Hadj Malik Sy. 

The general social composition of villages reflects the social organization of 

Toucouleur society. The typical village is dominated by the upper caste Torodo family 

with slave and artisanal castes under its leadership. Some villages are dominated by the 

Sebe, the caste of former rulers, or, as i n  the case of Uiare M'Bolo, the name itself 

defines the village as being one of artisans. 

The most obvious economic manifestations of the caste system appear to have 

receded. Artisanal and slave castes are not under direct economic obligations to the upper - - - -- - -- - - - -- - - - - - - - - - - - - --- - 

caste. However, social structural obligations sti l l  play a very important role in  the 

Boundou. The maintenance of the structure of social relations according to caste 

hierarchy is constantly i n  evidence. Al l  social relations within as well as between villages 

revolve around the structure of caste hierarchy. Deference is given to upper caste 



members, who are expected to assume appropriate ritualistic roles, in  the sacrificing and 

butchering of animals, for instance. Table 1.1. below shows the distribution of heads of 

household in the survey's sample. 

TABLE 1.1. 

CASTE OF HEAD OF HOUSEHOLD; ALL ZONES 

ivlachoubh 

Smiths 

Peuhl 

Torobe 

~ a o b 6  

Maboub6 

~ i a r r 6 b 6  

Ceddu 

~addoub6 

1.5.3. Social Structural Importance of Livestock 

The importance of livestock among Toucouleur of the Boundou i s  evident from the 

role cattle play in centralizing the authority of the head of household. Cattle are a mark 

of status and prestige, and most importantly, they are an integral part of rites of 

passage. The head of household has authority over the family herd, which generally 

includes animals over which various family members have rights. P. typiea! herd consists 

of animals that belong to the head of household, his wives, and his sons. There may also 

be animals belonging to his brothers, their wives, and children. Other relatives or friends 

can also consign animals to his care. 

The head of household's authority over the herd is ultimate, although he has 

obligations to consult with individuals having rights over animals in the herd. Once 

consulted, the decision made by the head of household is final. The head of household also 

has ultimate sales authority, and is the sole representative of the household i n  

negotiations over cattle sales (the situation is different for small ruminants). If a member 
' wisiresro5b.. arrrmar)-. 

I r i r i r e i  - w m t r a a e t r c r w  

establishes the price, and leaves the negotiations to the head of household. 

The sacrifice and exchange of animals are extremely important i n  the Boundou. This 

reflects the importance of the event and i s  an indicator of the status and wealth of the 



individual offering the animal. Cattle also play a major role in marriage. The bridegroom 

i s  expected to negotiate with the bride's family for the price to be paid in cattle. I f  the 

bridegroom has no cattle of his own, his father must offer cattle from his herd. The 

bridets father sands some animals with his daughter to her husband's compound as her 

dowry. As the daughter prepares to leave her father's compound an animal can be 

sacrificed to mark the event. An animal i s  almost always sacrificed to celebrate her 

arrival in  her husband's compound. 

PI son may be given cattle at his baptism or at some later date. The animal may 

come from his father or grandfather, or be offered by his mother. A head of household 

explained the gi f t  of cattle to a son in the following way: "when the time comes for him 

to marry he wil l  have his own cattle and wil l  not have to turn to his father for the bride 

price," Cattle may be sacrificed by sons to feed the mourners at their father's death. A t  

the death of one village chief, two of his sons each sacrificed an oxen. Other members 

supp!emented this by sacrificing goats and sheep. 

Cattle are also sacrificed to mark events such as the ground-breaking for a new 

house, or may be offered to a griot who has come to praise and aff i rm the family's noble 

and historic genealogy. I n  one such incident the grist was seen to demand and receive a 

four-year old ox. 

Much prestige can be derived both by the giver and the receiver when an animal is 

idlied or donated. The animal given i s  in direct relationship to the status of the receiver, 

the importance of the event, and the means of the giver. A genealogical $riot claimed 

that "his families" should give him an animal and request his presence at each r i te  of 

passage -- baptism, circumcision, marriage, first child, and death. This i s  not the common 

practice, but it underlines the importance of the sacrifice and exchange of animals in  

rites of passage and major events. 

A t  the death of a herd owner al l  his personal animals are pooled. They are then 

divided into nine equal parts. One part is in  turn divided among the wives of the 

deceased. The remaining eight parts are divided among the children. Daughters receive 

half of the sons' shares. When a woman has died, the procedure is similar except that her 

herd i s  divided into seven equal parts. The seventh i s  given to the husband, and the six 

remaining parts are divided among the children, daughters receiving half as much as sons. 
- - 

1.5.4. - Basic Demographic and Economic Indicators 

Table 1.2. and Figure 1.1. show the age and sex distribution of the surveyed 

population, numbering 1,239. The most notable feature is the gap created by 

long-distance migration i n  the 30-35 and 35-40 age group for males; this has important 
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implications in t h e  e x t e n t  of family labor available both f o r  farming and  livestock herding 

in t h e  area.  Tables 1.3., 1.4., 1.5. and 1.6. summar ize  key s ta t i s t i c s  far e a c h  of t h e  t h r e e  

zones. The  average  household s i z e  does not vary significantly f r o m  just under 8 m e ~ n b e r s  

ac ross  zones. The  number of household members  current ly  away f o r  wage employment  

cloes vary across zones, with means  of 0.65 migrants  pe r  household in t h e  Mbaniou Zone, 

0.81 in t h e  Sinthiou Fissa Zone, and of 1.12 in t h e  Ololdou Zone. The number of fo rmer  

migrants  in e a c h  zone suggests  t h a t  out-migration is  a more  r e c e n t  and extensive  

phenomenon in t h e  Ololdou Zone, possibly because  of m o r e  l imi ted local opportunities. 

TABLE 1.2. 

AGE/SEX DISTKIBUTION OF THE SUIZVEYED POPULATION; ALL ZOPIES 

4ge-C roup Males Females  



BLE I. 

HOUSEHOLD SUMMARY STATISTICS, ALL ZONES 

Variable 

Number of Household Members 

Number of Current Migrants 

Number of Former Migrants 

Area Cultivated (ha) 

Harvest I ndex 

Agricultural Sales Index 

Food Purchases Index 

Household Cattle, 

Household Small Ruminants 

Mean 95% Conf. Lnterval 

TABLE 1.4 

HOUSEHOLD SUMMARY STATISTICS, MBANIOU ZONE 

-- - -- 

Variable 
-- - - - 

Number of Household Members 

Number of Current Migrants 

Number of Former Migrants 

Area Cultivated (ha) 

Harvest Index 

Agricultural Sales Index 

FdPurchases-in* - - - -  

Household Cattle 

Household Small Rumindnts 

Mean 
pp - 

Stand. Dev. 95% Conf. Interval 



,HOLD SUM 

Variable 

Number of Household Members 

Number of Current Migrants 

Number of Former Migrants 

Area Cultivated (ha) 

Harvest Index 

Agricultural Sales Index 

Food Purchases Index 

Household Cattle 

Household Small Ruminants 

HOUSE IAH 
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TABLE 1.5. 

' STATISTICS, SI 

Mean 

1U FISSA ZONE 

Stand. Dev. 95% Conf. Interval 

TABLE 1.6. 

HOUSEHOLD SUMMARY STATISTICS, OLOLDOU 

Variable I Mean I Stand. Dev. 

Number of Household Members 

Number of Current Migrants 

Number of Former Migrants 

Area Cultivated (ha) 

Harvest Index 

Agricultural Sales Index 
- - -- - -- - - - - . 

Food Purchases Index 

Household Cattle 

Household Small Ruminants 



The prlmary and secondary activities of the working oga populntiorl I n  survcyad 

households are presented in  Tables 1.7, and 1.8. 

TABLE 1.7. 

PRIMARY ACTIVITY OF THE WORKING AGE POPIJLATION, BY SEX 
- - . -- 

Primary Activity 

Farmer 

Herder 

Homemaker 

Shopkeeper 

Small trade 

Tailor 

Artisan and local trades 

Merchant 

Government employee 

Wage worker 

Hunter 

Herder 

' Males 

TABLE 1.8. 

SECONDARY ACTIVITY OF THE WORKING ACE POPULATION, BY SEX 

Secondary Ac t i v i t y  

Farmer 

~ e r d e r  

Homemaker ' 

Shopkeeper 

Small trade 

Tailor 

Artisan and loca 
. - - 

Merchant 

Government employee 

Wage worker 

Hunter 

Herder 

Males Females 
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Mules clearly consider farming as their prirnary activity, herding being the most 

common secondary activity cited. Women consider homemaklrig and farming as their 

primary and secondary activities, the next rnost imbortant activlty being small trade. The  

relatively limited extent of occupations other than farming and herding (especially trades 

and crafts) Is due to the particularly underdeveloped and ivolated character of the project 

area. As we will see further in this report, this sltua1:lon is changing rapidly, money sent 

back by migrants often is being used to set up village shops, for instance. Another area 

where significant change 1s taking place is that of education. Table 1.9. below shows the 

extent of attendance to different types of education systems by members of surveyed 

households. Aside from the overall. low levels of attendance and the pronounced 

difference in school attendance between the sexes, the most striking fact is 'hat the 

functional literacy could not have been tabulated three years ago. There is still a sharp 

difference in functional literacy access between men and women, but the results observed 

from the beginning of the program are encouraging. They also constitute a major agent of 

,I1 discuss later in Chapter 3 of this report. 

TABLE 1.9. 

tPE OF EDUCATION, BY SEX; ALL ZONES 

Males Females 

Koranic School 

Public School 

Functional Literacy 



2. RESOURCE AVAILABIL 

2.1. ACRICUL'rt 

2.1.1. Rainfall, Land and O t h e r  Resources  

vITY AND use 

JKE 

There  a r e  two limiting fac to rs  in agriculture:  e x t r e m e  uncer ta inty  about  rainfall ,  and  

availabil i ty of labor. The a r e a  put  under cul t ivat ion by t h e  head of household is  l imi ted by 

t h e  labor a t  his command. Agricultural  labor and migration a r e  a t  two ends  of a scale. 

Loss of manpower through migration of able-bodied m e n  must be  potential ly o f f s e t  by 

spending migrants'  r emi t t ances  t o  buy grain. Several  heads of household answered in th i s  

way when asked whether  migration did not f o r c e  t h e m  t o  sac r i f i ce  needed agr icul tura l  

manpower: "if a man  has four sons, he  keeps  two at home t o  work in t h e  fields and sends 

t w o  t o  France." The  benef i ts  of a potent ia l  c a s h  inflow apparent ly  m a k e  up fo r  t h e  loss of 

manpower in agriculture.  

The  economic sys tem of the pro jec t  a r e a  is f irmly based on t h e  symbiotic relat ionship 

between agr icul ture  and livestock. The  Toucouleur of t h e  Boundou were  agropastora l is t  

be fore  moving in to  t h e  a r e a  and have continued thei r  tradit ional  p a t t e r n  of livelihood. 

Village histories col lected during t h e  research r e f l e c t  th is  fact. Both t h e  more  r e c e n t  

migrants  f r o m  t h e  Fou ta  and t h e  older famil ies  dat ing back t o  t h e  Sy family domination of 

t h e  Doundou have continued t h e  agropas  tora l is t  l i festyle of thei r  forefathers.  Historians 

have a t t r ibu ted  Malick Sy ls  s e t t l e m e n t  in t h e  Boundou par t ly  t o  t h e  sea rch  fo r  a rab le  land 

t h a t  had become s c a r c e  in t h e  Fou ta  Toro (Koncon, 1984:42). Many villages in t h e  p ro jec t  

zone were  established during t h e  f i rs t  half of t h e  20th  century.  There  appears  t o  have  

been two trends: a move away f rom t h e  ea r ly  s e t t l e d  villages along t h e  Fal6m6 where  

t h e r e  w a s  pressure on available land and probably conf l ic t  among brothers,  and a 

migration f rom t h e  Fou ta  in to  t h e  Boundou by Toucouleur looking fo r  land. 

In many c a s e s  t h e  original  s e t t l e m e n t s  were  temporary,  se t t l ed  only during t h e  

agr icul tura l  season. These  villages b e c a m e  permanent ly  inhabited l a t e r  as sources  of 

wa te r  were  developed and t h e  soil proved t o  be good f o r  agriculture.  In a l l  in terviews 

concerning t h e  cho ice  of sites f o r  present  villages w e  were  told t h a t  t h e  presence of good 

I--- 
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T h e  impor tan t  ro le 'p layed by agr icul ture  is exemplified in t h e  Sinthiou Fissa Zone by 

a group of purely agr icul tura l  villages just east of t h e  escarpment.  These  a r e  inhabited 

only during t h e  growing season as long as standing wate r  i s  available. Because of t h e  

geological f e a t u r e s  o f  this area i t  is impossible t o  obta in  groundwater.  'As soon as t h e r e  i s  



become deserted. One must note, however, that these vi!lages do not appear to be 

temporary. They each have their share of large tin-roofed structures. Passing through 

these villages during the dry season one is likely to see one of i t s  inhabitants replenishing 

his grain stock from his granary. 

These three v i l l~des are politically and socially integrated into the village of 

~ u r o u s o u l ~ ,  located i n  the center of the zone. Ourousoul6 does not have adequate arable 

land but has a steady flow of well water which permits the watering of most of their 

cattle during the dry season. The mother village, Ourousould, is seven to ten kilometers 

away from the seasonal villages, but serves as the chief political unit. Each of the 

satellite villages designates their village chief as the chief of ~urousould, who i s  himself a 

seasonal migrant from Waly Diala. 

The settlement history of one village emphasizes the economic interdependence of 

agriculture and livestock i n  the Sinthiou Fissa Zone. According to the history of migration 

and the settlement of this village, the three brothers who arrived at the present site only 

owned a goat. They sacrificed it at  the site where they decided to settle, but the 

abundance of their crops enabled the brothers to sell grain and buy cattle. Their success 

in agriculture thus contributed to the development of their herd. The villagers stated that 

the second surge i n  the number of cattle was due to remittances and to investments by 

migrants. 

The extremely uncertain patterns of rainfall strongly influence the social and 

economic lives of the population i n  the project zones. Last year between the two villages 

of Mbaniou and Ndia, only seven kilometers apart on a north-south axis, there were on 

several occasions differences of 20 to 50 mm in rainfall. Not only is the variation in 

precipitation an important factor, the irregularity of the rains can be extremely 

disruptive as well. During the 1983 agricultural season, the maize crop was almost 

entirely lost throughout the project area because rains essential for the autopollination of 

the crop did not occur a t  the right time. 

In  a l l  project zones people see themselves as sedentarized agropastoralists, but the 

actual extent of farming is limited, especially i n  view of labor constraints. For example, 
-- 

the average area cuhivated by households i n  the MEaniou, Sinthiou Fissa and 0 lddou 

zo,;.~ was in 1984 of 1.45, 1.18 and 0.95 hectares, respectively. These figures are quite 

low, even by comparison with other traditional farming societies of Senegal. The overall 

low level of cultivation reflects the fact that existing conditions make returns to 

agriculture precarious, and provide a lower return on investment than the chief 

alternatives, livestock raising and long-distance migration. Differences between zones 



r e f l e c t  dispari t ies in resource  endowment  and population pressure; Sinthiou Fissa  and 

Ololdou, in general ,  have  a lower agr icul tura l  potent ia l  than t h e  ivlbaniou zone, and tend 

t o  rely slightly more  on migration than thei r  neighbours of t h e  Mbaniou zonc, Fur the r  in 

th is  report, as w e  examine  :he value of l ivestock sa les  and c a s h  f lows f rom remit tances ,  

t h e  ra t ionale  fo r  this p a t t e r n  of resource a l locat ion will become q u i t e  evident. 

O n e  should n o t e  t h a t  t h e  f igure  given as t h e  mean area cul t ivated per  household does  

not  hide much of a skewing e f f e c t  in e i t h e r  direction. Table  2.1., and  Figures 2.1. and 2.2. 

show t h a t  t h e  distr ibution of land worked by individual famil ies  in t h e  t h r e e  zones is 

r a t h e r  even. 

TABLE 2.1. 

DISTRIBUTIONAL ANALYSIS OF AREA CULTIVATED PER HOUSEHOLD 
(ha) 

1. Mbaniou 

2. Sinthiou Fissa  

3. Ololdou 

Prob. Quan t i l e  Confidence Interval  

The  o rder  of impor tance  f o r  c rops  cu l t iva ted  across zones remains  constant ;  sorghum 

receives  most  of t h e  ac reage ,  46 percen t  and 55 percen t  respectively in t h e  Mbaniou Zone 

a n d 5 n t h i o u  F h a  Zone, a n d  up t o  80 p e r c e n t  in t h e  0loIdou Zone, where  very h e  mil le t  

is grown. Millet c o m e s  second in t h e  Mbaniou and Sinthiou Fissa zones (32 percen t  and 15 

p e r c e n t  of acreage), followed by maize. Very l i t t l e  land is devoted t o  peanuts,  e x c e p t  in 

t h e  Sinthiou Fissa Zone. Finally, smal l  pa tches  of r i ce  a r e  found in c e r t a i n  a r e a s  of t h e  

Ololdou Zone. 

D a t a  cc l l ec ted  in a vil lage in  t h e  Mbaniou Zone show t h a t  20 households in t h e  sample  

cu l t iva ted  a t o t a l  of 17.7 hectares.  Forty-six pe rcen t  of t h e  a r e a  under cul t ivat ion was  in  







sorghum, 37% in millet, 11% in maize, and 6% was in peanuts, considered primarily a 

wornan's crop (see Table 2.2.). Small grain millet is in  many cases preferred for meal 

prepara:ion; however, millet i s  difficult to grow because of i t s  susceptibility to insects, 

rogouva worm infestation, attacks by blister beetles, charcoal smut and bird devastation. 

Evidence of al l  of these was seen in  the fields. 

TABLE 2.2. 

CROPS AND AREA UNDER CULTIVATION, MBANIOU ZONE 

Crops Area Under 
Cultivation Percentage 

Sorghum 

Millet 

Maize 

Peanut 

Total 

8.1 Hectares 

6.5 Hectares 

2 Hectares 

1.1 Hectares 

17.7 Hectares I 100 % 1 
As one might expect, agricultural labor allocation closely reflects the emphasis given 

to the various crops. Table 2.3. below shows the proportiam of family labor allocated to 

the various crops. The same table shows the extent to which hired labor is used on various 

fields; millet, sorghum and maize receive about equal -- and relatively low -- shares of 

hired labor as a proportion of total labor. 

TABLE 2.3. 

AGRICULTURAL LABOR ALLOCATIOI\i; OVERALL SAMPLE 

Sorghum 
M k  

Millet 

I 
Peanuts 

Mi Ilet/Sorghum 

I % of Total Labor % of Labor Hired 
CI 

I 
Total I 100% 



In the project area farming does not fo;mw complex rotation patterns, and the 

majority of fields are single cropped, although some interesting potential for 

ccreal/cowpea association has been noted by the Range Management Researcher. The 

most common patterns of crop rotation are summarized in  Table 2.4. below, which 

compares the crops standing on measured fields in  19114 with crops cultivated on the same 

field one and two years previously, 

TABLE 2.4. 

CROP KO'I'ATION PATTERNS, ALL ZONES 

Current Crop Crop 1 year ago Crop 2 years ago Crop 3 years ago 
I I I 

Sorghum Sorghum, millet Sorghum, millet, Sorghum, millet, 
maize maize 

Maize Maize Maize, sorghum Maize, sorghum, 
millet 

Mil let Millet, sorghum Millet, sorghum, Millet, sorghum, 
maize maize 

Peanuts I Peanuts, sorghum, Peanuts, millet, I Peanuts, maize, 
millet maize,sorghum sorghum, mil let 

%ice Rice Rice Rice 

As part of our data collection on agriculture we asked heads of households to 

estimate their yield for the present (1983) agricultural season and the previous one. Yield 

figures obtained from villagers in  the Mbaniou area reveal that the 1983 yields were 

between 45% to 75% less than those of  1982. They attributed the difference to the lack 

of rains. One should remember that insects, birds and other blights also play a role. For 

the four crops grown locally the yield reduction from the 1982 to the 1983 season ranged 

from 36% for maize, possibly an underestimation, to 75% for peanuts. Table 2.5. below 

shows difference in  production of several crops from one year to the next in  a village of 

the Mbaniou zone. 

For the project area as a whole, yield figures ranged from 600 to 1100 Kilograms (Kg) 

of sorghum per hectare, while for maize yields ranged from 530 to 1,280 Kg per hectare. 

Millet yields, however, were only about 600 Kg per hectare. We found t l ~ a t  obtaining yield 

data was a sensitive and diff icult matter. In a few instances it would have been possible 

to weigh the total crop as it was being placed i n  the granary, but our request was denied. 
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TABLE 2.5. 

SELF-REPQRTED YIELD, MBANIOU ZONE 
1982183 

Yield Total Y icld Total Difference 
Percentage Crop 

In Yield - 19821 1983 

Peanutsa 855 

NOTE: V e a n u t s  a r e  generally a womanPs crop. These a r e  only 
partial  figures on 7 househdds. 

2.2. AGKICULTURAL CALENDAR AND PRACTICES 

2.2.1. Pulaar Seasons and Farming Terminology 

People recognize five seasons, which a r e  based on changes in local weather 

conditions; they a r e  a s  follows: 
( I  

the  rainy season, from July t o  t h e  end of October 

a short onc-month season around harvest t ime 

Dabunde from December through the  end of February 

from mid-February t o  t h e  end of May 

a transitional season, during June 

The terminology used for  farming and animal husbandry is quite rich cmong t h e  

Toucouleur; below i s  a sample of te rms  referring t o  specific farming activities: 

select  t h e  location of a field 

clear  trees, bush and stumps 

burn c u t  branches and brush 

seeding on humid ground 

Munnere (or Hulde) seeding on dry ground 

Remde arano 1st weeding 

I I 



Deenal fof watch over crops 

Hiude - chase birds away 
N yaam taade I s t  small harvest 

Naro - bend stalks t o  t h e  ground 

Konyal harvest 

Vinde - putting animals t o  graze on stubble 

Sooynde gesa fallow 

Dof ta l  - collective work 
Ndemu agricultural work done for a father-in-law. 

2.2.2. A ~ r i c u l t u r a l  Calendar 

February t o  June: This t ime involves t h e  clearing and preparation of new fields. 

Small t rees  and brush a r e  c u t  down and stumps a r e  burned t o  t he  ground. A small hand axe  

is the  main tool. Because of the  physically demanding nature of this work i t  is primarily 

done by t h e  head of household and young men. 

April t o  3une: The method of field preparation is not entirely consistent throughout 

t he  three zones. There is more variation between villages than within one. In some 

villages a major e f f o r t  is made t o  clean the  fields of all remaining debris from t h e  last  

harvest and weeds. Organic material  is raked, piled and burned. The gathering of dried 

manure along with i t  is not deliberate, but some of t he  manure is also piled up and 

burned. In some villages burning and cleaning is not done, t o  le t  t he  organic ma t t e r  mulch 

the soil and give i t  g rea te r  moisture retention. A rake (one of Western design is a prized 

tool for this work) and a short-handled hoe a r e  used. This task is done by men o r  young 

boys. 

June: Depending on rainfall the fields a r e  seeded and plowed. There may be some - 
light and sca t te red  showers in April or earlier, but seeding takes place a f t e r  what is 

considered the  f i rs t  serious June rain. Fields a r e  seeded starting with millet, corn, 

sorghum, and finally peanuts. A plow pulled by a horse or donkey i s  common, but 
. . tramblnatlons of horses and dankevs arp a l c n  c n e m  A c,tkk ic, used.2 

t h e  seed is dropped in by hand. When t h e  field has not been plowed, a large L-shaped 

metal-tipped hoe is used t o  break the  ground before planting. The work team consists of 

a lmost  any combination of household members. When a plow is used, a boy leads t h e  

team, followed by men, women, boys or  girls planting the  seeds. If t h e  second rain does 

not occur in t ime,  fields a r e  reseeded. 



J u n e  and July: T h e  fields t h a t  have been planted a r e  fenced in, and watch towers  and 

she l t e r s  a r e  built. These  are t o  be  used by t h e  family t o  guard agains t  birds and  wild 

an imals  as t h e  c r o p  matures. The fences  around t h e  fields c lose  t o  villages general ly  have  

t o  be rebuil t  every year. Mater ia l  f rom old fences  is used for const ruct ion p ro jec t s  

around t h e  compound. For  f ields fu r the r  f rom villages, thorn bush fences  have t o  be  

e i t h e r  replaced o r  reinforced. The tools used are t h e  short-handled axe and  a 

metal-t ipped digging stick. Small t r e e s  and thorny bushes a r e  c u t  down and dragged o r  

ca r r i ed  t o  t h e  fields. The most  e labora te  fences  a r e  made  up of a ser ies  of spli t  logs dug 

in to  t h e  ground a few inches apar t .  Fencing and t h e  const ruct ion of watch towers  i s  done  

by 'men young and old; boys help d rag  thorny branches  t o  t h e  fields. 

J u n e  t o  August: A t  t h a t  t i m e  most  people a r e  cul t ivat ing planted fields. Timing 

depends  o n  t h e  p a t t e r n  of rains. Fields may be  cul t ivated t w o  o r  t h r e e  t imes  depending on 

weed growth and rains. Weeding is  done with a short-handled hoe by t h e  head of 

household and his sons. It i s  by far t h e  most demanding t ask  of t h e  labor calendar,  and i s  

usually done twice  during t h e  agr icul tura l  season. While doing field measurements ,  we 

asked t h e  head of a household why w e  were  including what  looked like a weed-covered 

fa l low sect ion of his field. H e  replied t h a t  t h e  a r e a  had been planted but t h a t  h e  had been 

unable t o  cu l t iva te  it. Upon close inspection t h e  sorghum sta lks  could b e  seen  among t h e  

weeds. 

July  t o  August: The  f ight  agains t  insects  in millet  f ie lds  begins. If insecticides a r e  

available,  men dust  t h e  fields. If no insecticides are available, young boys g o  in to  t h e  

fields at t h e  height of t h e  blister  bee t l e  season, careful ly  c a t c h  a large  beetle, d ismember  

i t  a n d  l eave  i t  to r o t  in t h e  field. T h e  conventional wisdom i s  t h a t  t h e  smell  of t h e  ro t t ing  

b e e t l e  will discourage o t h e r  blister  beet les  f rom en te r ing  t h e  field. Smoldering f i res  a r e  

a lso  set in hopes t h a t  t h e  smoke will c h a s e  insects  away. Men rnay walk through the i r  

f ie lds  carrying smoldering a n d  burning branches  t o  spread as much smoke as possible. 

August  t o  harvest  time: Fields a r e  guarded agains t  a t t a c k s  f rom warthogs, g reen  

monkeys, baboons and birds t h a t  f e e d  on  t h e  gra in  of t h e  mil le t  spike just be fore  harvest. 

T o  guard agains t  wild animals, young men  o f t e n  spend nights  in t h e  fields. 

August  t o  October: In t h e  project  area ,  approximately  100 km wide by 100 km long, 
-- - - -  - 

t h e r e  are marked d i f fe rences  in agr icul tura l  calendars. F o r  instance,  t h e r e  i s  

approximately  a two-week in te rva l  between t h e  sorghum harvest  in t h e  t h r e e  zones. 

During t h e  1983 season t h e  ha rves t  took p lace  f i r s t  in  t h e  Mbaniou Zone and was  followed 

by t h e  Ololdou and  Sinthiou Fissa  Zones. 

C o r n  fields a r e  harvested f i rs t ,  followed by mil le t  and sorghum fields. When c o r n  i s  

picked, husks are pulled back, and  t h e  e a r s  are l e f t  to dry f o r  a f e w  days  before  s t o r a g e  in 
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In Ololdou t h e r e  were  seven r i ce  fields rcpresent lng a t o t a l  of 3,206 square  m e t e r s  under 

cultivation, Most of t h e  fields were  qui te  small: t h r e e  fields were  approximately  100 

square  meters ,  t h r e e  o t h e r s  were  around 300 square  meters,  and o n e  field was  1700 square  

m e t e r s  in size, Yield figures for these  fields d o  no t  seem very reliable al though t h e r e  is a 

cons tan t  relat ionship between t h e  1982 and t h e  19153 seasons. The  1983 yield appears  t o  

have been one-third less  t h a n  for 1982, 

Peanu ts  a r e  no t  grown a s  a cash c r o p  bu t  mostly for family consumption, The  a r e a  

devoted t o  p e a r ~ u t s  depends  primarily o n  t h e  availabil i ty of appropr ia te  soils. A g r e a t e r  

a r e a  is devoted t o  peanu ts  in t h e  Sinthiou Fissa Zone, part icularly in t h e  western p a r t  just 

east of t h e  escarpment ,  where  t h e  soils are suitable. 

2.4, ECONOMIC INTERDEPENDENCE OF AGRICULTURE AND LIVESTOCK 

T h e  essent ia l  f e a t u r e  of agropastara l ism base in t h e  project  a r e a  is  t h a t  agr icul ture  

and livestock play impor tan t  complementary  roles  both in t h e  subsistance and cash  

economies. In t e r m s  o f  agriculture,  herds a r e  r o t a t e d  over  t h e  f ie lds  t o  benef i t  f r o m  the i r  

manure. As soon as t h e  c rops  have been harvested and sorghum sta lks  needed for fencing 

and  shading s e t  aside,  t h e  herds a r e  allowed t o  feed on  t h e  s ta lks  t h a t  remains,  in i t ia t ing 

t h e  manuring process f o r  t h e  next  year. 

Periods of high labor demand for l ivestock occur  primarily a t  t i m e s  of low demand  

f o r  agr icul ture  labor. Th i s  i s  t r u e  with t h e  except ion of t h e  l a s t  weeks  of t h e  drv season 

when field preparat ion and t h e  drawing of wa te r  for t h e  herds  . 8 u *  : done 

simultaneously. 

Livestock accumulat ion plays a n  impor tan t  double role. Livestock on  i13rs hoof is  f i r s t  

a saving t h a t  c a n  b e  sold in t i m e s  of need. Accumulation of l ivestock is  a lso  a f o r m  of 

risk aversion and  investment.  A large  number of c a t t l e  c a n  minimize t h e  losses t h a t  m a y  

occur  f rom disease, drought  o r  a t t a c k s  on t h e  herd by predators,  

T h e  impor tan t  ro le  played by agr icul ture  as a means  of c a t t l e  a c c u m ~ i l a t i o n  may well 

be changing d u e  t o  t h e  worsening c l imat ic  conditions, and t h e  difficulty in accumulat ing 

enough - of  a grain  surplus. - Migration may now h a v e  t aken  over t h e  role  played by grain  

accumulat ion in t h e  past. Labor migration brings in c a i h  t h a t  c a n  be  used t o  fill  t h e  

subsistence g a p  in a bad year,  o r  to be used to invest  in cat t le .  



Cattle in tha project area represent a cross batwacn Uos indicus and l3os tilurus-typo 

animalsj they are shorter than the pure Sahellon Zebu, but taller than NtDama-type cattlo 

found further south. The local breed i s  known as Dlacori, People in the urea are sensitive 

to small differences between breeds and dlstlnguish between the local Dlacori and Orceji, 

srnaller cattle from southern areas (more like NVDamas); Pulli, taller Diacori from the 

north-east; and Nianinke, tal l  Diacori from the north-west or Ferlo area. , 

Small ruminants are of the lower Sahclian Djallonke-type, some tall Djtlllonke-like 

goats called Ndogoo ta. 

Table 2.6. below shows the average size of cattle and small ruminants holding per 

household, for each project zone in 1984. 

TABLE 2.6. 

LIVESTOCK OWNEliSHIP BY ZONE, 1984 
(Average No. of Head/Household) 

Cattle Sheep/Coa ts 

M baniou 5 8 23.2 

I Sinthiou Fissa I 47.2 I 16.1 I 
Ololdou I 42.1 51.6 I 

The emphasis on smti\ll ruminants in  the Ololdou zone i s  most likely due to less 

abundant and lower quality forage resources than i n  the other zones. Tables 2.7. and 2.8., 

and Figures 2.3. and 2.4. show the distr~butional analysis of cattle and small ruminant 

ownership across households for the three zones. There is naturally some unevenness in 

livestock ownership between families, especially in  the Mbaniou zone, but n o t t o  an 

extreme degree. The most striking example of unevenness in cattle distribution does not 
- '... ",.ra.rr*ere -..- P I . L I ^  -=PI==- Y 1 a. "- 
Mbaniou zone i s  much above that of other communities (because of the communityts 

social status and good marketing connections). However, this cannot be precisely 

documented because the total size of Uiare MtBolo herds could only be estimated, rather 

than surveyed, as was the case for the other villages. 



TABLE 2.7. 

CATTLE HOLDINGS, BY ZONENILLAGE 

M baniou Sint hiou Fissa Ololdou 1 

Toulekedi 154 Woubowol I1 1 Ololdou 9 3 

Sow01 10 1 Ourousoul~ 5 Courel DIaloub6 132 

Diare Maboub6 96 Arigabo 10 1 SIra An~adi Bocar 134 

M baniou 73 Slnthiou Fissa 7 1 

Total 424 Total 338 Total 359 

TABLE 2.8. 

DISTRIBUTION OF SMALL RUMINANTS; BY ZONE 

1 Coats Sheep I Total 

M baniou 269 171 440 

Sinthiou Fissa / 149 I 4 6  1 195 1 
1 Ololdou 1 2 1 4  , 1 1 0 4  1 318 1 

The livestock census carried out for surveyed households, nevertheless, allows us to 

answer a critical question: "has the size of herds in the project area increased 

significantly over the last few years?" Table 2.9. suggests that i t  did not, at least in the 

M baniou zone, which received most of the livestock-oriented project intcrven tions. 

COMPARISON OF HERDIFLOCK SIZE PER HOUSEHCkD, 

1976- 1984 

Cat t le  

Small ruminants 







The  overall  s i ze  of herds  and flocks h a s  not  significantly changed during t h e  interval ,  

One  might suggest  t h a t  al though herd s ize  has  not  changed, gains in fert i l i ty,  survival  and 

market ing of animals  have  t aken  place, and  t h a t  increased benef i ts  o r e  being dcrlved f rom 

t h e  s a m e  equilibrium number  of animals. P rec i se  baseline d a t a  fo r  smal l  ruminants  a r e  

not  available, but  in t h e  case of c a t t l e ,  a comparison of herd s t ruc tu re  about  e ight  years  

a g o  and today shows t h a t  age/sex distr ibution in standing c a t t l e  herds  a r e  closely matched  

( see  next section). Together  with information on yearly movements  of anir ra ls  in and  out  

of family  herds throughout t h e  year, this  allows us  to presen t  fu r the r  on some conclusions 

on t h e  impac t  of project  ac t iv i t i e s  on  livestock. 

2.6. LIVESTOCK OWNERSHIP AND MANAGEMENT 

Perhaps  t o  a g r e a t e r  e x t e n t  y e t  than for  agriculture,  t h e  Toucouleur have a rich 

lexicon of t e r m s  referr ing to livestock and an imal  husbandry. The  following list o f f e r s  a 

glimpse of t h e  var ie ty  and specifici ty of such terminology: 

IvI balndi herd in genera l  

Sef r e  - half herd  

Sawru - herd of 100 head 

Kabi didi. herd  of 200 head 

Ornude - t a k e  t h e  herd ou t  t o  pas tu re  

Diofnude bring a herd back t o  t h e  village 

N'gaynako herder  

Gorwori c a t t l e  belonging to t h e  head of household (exclusive r ight  to t h e  
head of household) 

Tene  - c a t t l e  received by a woman when s h e  marries, belongs t o  her and 
to her  children 

Donaani inher i ted  c a t t l e ,  belong only t o  t h e  inheri tor 

Diili - l ac ta t ing  c o w s  loaned by re la t ives  o r  allies, t h e  household has  use  
of t h e  milk 

Kalfinaadi animals  kep t  on behalf of re la t ives  o r  allies; household h a s  r ight -- 
of use  of a n y  milk 

Table  2.10. and  Figure  2.5. show t h e  age/sex distr ibution of c a t t l e  in t h e  overal l  

project area, faktes 2. t f. thmgh t. ff. present equivarenf data 6y zone. The  percen tage  



of females in the herd (66 percent overall) suggests relatively heavy destocking of 

surviving males; the proportion of cows; i n  total herds (46.8 percent) i s  very similar to that 

found in  traditional cattle herds of the Senegalese Ferlo. It is actually difficult to 

reconcile the high proportion of females in herds and low observed rates of offtake unti l  

one realizes the importance of combined mortality of young and replacement purchases of 

heifers. 

TABLE 2.10. 

ACEISEX DISTKIl3U'TION OF CATTLE, ALL ZONES 

Bulls and 
Age Young Males 

0- 1 120 

1-3 9 3 

over 10 0 

Steers Females 

5 0 Pregnant 

Lactating 

Other 

14 Pregnant 53 

Lactating 70 

Other 58 

Pregnant 17 

Lactating 46 

Other 35 

Data from the mid-1970s provided estimates of calf mortality i n  the 0-1 age group 

ranging anywhere from 5 to 40 percent per annum (the latter number being hardly 

consistent with historical sustenance of herds). Fert i l i ty and fecundity rates for cows 

were quoted as being from 52 t i  57 percent, annually. More systematic research by 

project staff and our own teams suggest that calf mortality i n  the 0-1 age group i s  more 

on the order of 20 percent annually. The survey on l i fe  histories of cows, on the other 
- - -  . 

hand, showed that the number o f  calvings per reiorrned cow ranges from 3 to  9, with a 

mean of 5 and a standard deviation of 1.3. This suggests a fecundity rate of over 60 

percent per annum, and an average number of 'calvings equal or superior to what is found 

in traditional herds of the Senegalese Ferlo. 



TABLE 2.1 1. 

AGE/SEX DISTRIBUTION OF CATTLE, MBANICW ZONE 

Age 

0- 12 mos 

1-3 

4-7 

7-10 

over 10 

Bulls and 
Young Males 

-- 

Steers 

Pregnant 

Lactatirsg 

Other 

Sterile 

Pregnant 

Lactating 

0,ther 

Pregnant 

Lactating 

Other 



TABLE 2.12. 

ACEISEX DlSirRIBUTlON OF CATTLE, SlNTHlOU PISSA ZONE 

r 

Age 

0- 12 mos. 

1-3 

4-7 

7-10 

over 10 

3ulls and 
loung Males Steers Females 

Pregnant 

Lactating 

Other 

Pregnant 

Lactating, 

Other 

Pregnant 

Lactating 

Other 



TABLE 2.13. 

P,GEISEX DISTKIUUTION 013 CATTLE, OLOLDOU ZONE 

I 

Age 

0- I 
1-3 

4-7 

7- 10 

over 10 

Bulls and 
Young Males Steers Females - 

3 2 

3 2 

Pregnant 

Lactating 

0 t her 

Pregnant 

Lactating 

Other 

Pregnant 

Lactating 

0 t her 



As we will s e e  fu r the r  (in t h e  sec t ion  on  marketing), t h e  o f f t a k e  ra te ,  expressed in 

animals  sold as a percen tage  of t h e  t a t a l  herd is relat ively low, e s t i m a t e d  t o  b e  6 to 8 

percent  (mostly males  around a g e  five). Table  2.14. summar izes  t h e  resul ts  of a n  

13-month survey of herd Inventory e n t r i e s  for I20 households. Although people were  

invariably re luc tan t  t o  g ive  informat ion o n  the i r  herd as a whole, they were! much more  

willing t o  t e l l  in terviewers  about  changes  in  t h e  herds, as they  happened. 

The  d a t a  show t h a t  t h e  reasons  for decreases  in herd numbers  01 rnales could b e  

a t t r ibu ted  to sa les  (60 percent) ,  and morta l i ty  (33 percent); for females,  where  sa les  a r e  

much lower in absolute  numbers, sa les  accounted  for 34 percen t  o f  decreases  in numbers  

of females,  and mortali ty,  for 61.5 percent.  Finally, for s teers ,  which have reached a g e s  

where  morta l i ty  is relat ively low, sa les  accounted for 75 percen t  of decreases  in numbers  

in t h e  a g e  group. 

Both t h e  survey of l i f e  histories for cows and t h e  ongoing t racking of herd inventorieo, 

indicated t h a t  purchases of c a t t l e  (essential ly females) play a n  impor tan t  ro le  in 

maintaining herd s izes  t o  t h e  level people want  t o  sustain. Tab le  2.14. shows tha t  for 

males, purchases contr ibuted 3.5 percen t  of addit ions t o  c a t t l e  herds, t h e  res t  being 

imputable  t o  bi r ths  within t h e  herd. For  females,  on  t h e  o t h e r  hand, over  10 percen t  of 

an imals  added to t h e  herds  were  purchased, at a g e s  ranging f r o m  t h r e e  t o  four years. 

T h e  overal l  p ic tu re  emerging f r o m  our  d a t a  on herd composit ion and management  

p rac t i ces  suggests  relat ively high fe r t i l i ty  and fecundity r a t e s  fo r  c a t t l e  ( the  a v e r a g e  

number of miscarriages per  re fo rmed  c o w  was 0.24). However, mor ta l i ty  in younger a g e s  

remains  very high, which leads on  t h e  o n e  hand to a low a c t u a l  o f f t a k e  ra te ,  and on  t h e  

o t h e r  t o  a need t o  maintain overall  herd productivity by purchases  of females  in ear ly  

reproduct ive  ages. The n e t  e f f e c t  i s  t h e  main tenance  of c a t t l e  holdings near  t h e  c u r r e n t  

levels  over  t ime,  and t h e  maximizat ion of benef i ts  f rom c a t t l e  -- given high morta l i ty  

rates -- by purchases of reproduct ive  stock. Everything l eads  u s  t o  believe t h a t  t h e  

fu r the r  necessary  decreases  in  mor ta l i ty  of young animals  would t r a n s l a t e  into a reduction 

of out lays  f o r  t h e  purchase of reproduct ive  s tock r a t h e r  t h a n  sharp  increases  in herd 

numbers. N o t  only are heifer  purchases a heavy drain on a r e a  households, t h e  number of 

c a t t l e  t h a t  famil ies  c a n  current ly  c a r r y  i s  const ra ined by w a t e r  resources  and availabil i ty 

of manpower f o r  t h e  mos t  labor-intensive tasks  (especially water ing animals  in t h e  dry  

seasonL I t  i s  a l so  i m ~ o r t a n t  t_o n o t e  that  t h e  p a t t e r n  of he i fe r  purchases  is  probably o f  

long standing. Reducing calf morta l i ty  must  t h e r e f o r e  b e  considered as a n  object ive  

having s izeable  immedia te  i m p a c t  on  fami ly  budgets as well as longer-term benefits. 

Herders  a r e  very much a w a r e  of this, in addit ion t o  bringing t h e i r  animals  in f o r  f r e e  

vaccination programs, t h e y  h a v e  spen t  re la t ively  l a rge  sums buying c a t t l e  medicines sold 

at c o s t  by t h e  project. 



QIZICIN OP ANIMALS COMING INTO HEROS DUltINC SUIIVEY 

(in 'N 

I- Males Females  

Birth 

Purchases  

Males Females  S t e e r s  

Mortali ty 33% 6 1.5 14.3 

Sa les  1 60% 1 34 1 75 I 

Small  ruminants  m a k e  a n  important  contribution t o  t h e  local economy ( I S  percen t  of 

f a r m  income), but  a c t u a l  and potential  benef i t s  are even fur ther  a p a r t  fo r  them than in 

t h e  case of c a t t l e ,  Proportionally, for  example,  morta l i ty  i s  twice  t h a t  of large  ruminants. 

Animal heal th  extension has  traditionally concen t ra ted  on  c a t t l e ,  by and large,  ignoring 

sheep  and  goats,  a n d  th i s  project  i s  no excep t  ion. 

2.6.1.1. Livestock calendar  and practices 

A synthesis of l ivestock calendar  and p r a c t i c e s  is  given below; a l though pa t t e rns  of 

an imal  husbandry vary somewhat  between zones, t h e  general  ru le  is t h a t  people a t t e m p t  

to minimize labor a l locat ion t o  herd management  tasks. The most  demanding labor 

requirements  c lear ly  have t o  d o  with t h e  l imi ted availabil i ty of water ,  which is why t h e  

notion of ponds (especially ponds c lose  t o  villages) w a s  well received by populations in t h e  

area.  

December  to June: Drawing wate r  f o r  l a r g e  ruminants. This t a sk  varies g rea t ly  

according to t h e  locat ion of t h e  village a n d  t h e  availabil i ty of water.  

In t h e  Mbaniou Zone t h e  task of drawing w a t e r  s t a r t s  as soon as t h e  a r t i f i c ia l  ponds 

a n d  natural  sources  of standing wate r  have  dr ied up. Depending on  t h e  locat ion of t h e  

village and 

ranges f rom 

t h e  re ten t ion  capaci ty  of t h e  - 
December  to mid-February. 

ponds t h e  t i m e  period f o r  s t a r t i n g  th is  t a sk  -. -. 



Druwlng wate r  f r o m  wells is usually dona by a rnnn and n boy or  young man relylng on 

animal  traction,  A horse is rnost commonly used but  some housohoids use a donkey. The 
at*dmal p l ~ l l s  o 20 l i ter  Inner tube  bag o u t  of wells t h a t  a r e  35 t o  55 m e t e r s  dcep. The 

w a t e r  i s  then  poured in to  hollowed o u t  logs o r  7.00 l i ter  o i l  d rums  c u t  In half. I t  t akes  a 

m a n  and a young boy about  two  hours t o  wa te r  100 head of ca t t le .  Without an imal  

t r ac t ion  i t  t akes  four m e n  t w o  hours t o  d o  t h e  s a m e  task. 

In t h e  Sinthiou Fissa and  Ololdou zones, s ince  a r t i f i c ia l  ponds a r e  not available in 

t h e s e  a r e a s  and t h e r e  a r e  no major natura l  ponds, t h e  drawing of wa te r  f o r  large  

ruminants  s t a r t s  sooner; depending on the  rains, in December  o r  earlier. Because  of 

geological  f a c t o r s  in t h e  Sinthiou Fissa and Ololdou zones, wells are not  always available,  

In many villages c e a n e s  a r e  dug. A c e a n e  i s  a shallow temporary  wcll two  to  f ive rneters  

d e e p  dug in t h e  sandy bo t toms  of seasonal streambeds.  The work in ceanes  is done by men 

and young men. Two men t a k e  turns  dipping wate r  o u t  of t h e  c e a n e  with a smal l  4 o r  

5-liter ca labash a t t a c h e d  by a baobab bark rope t o  t h e  end of a 3 t o  4-meter pole. 

However, ceancs  must be  cons tan t ly  maintained so t h a t  m o r e  than half of t h e  t i m e  spent  

water ing c a t t l e  i s  spent  improving t h e  ceane. In addition, c e a n e s  rnay no t  r echarge  

suff ic ient ly  every day, so  t h a t  t w o  may have t o  b e  used on a l t e r n a t e  days. They a lso  

provide ex t remely  a lea to ry  sources  of water. 

I t  t a k e s  two  men about  o n e  hour t o  wa te r  100 head of c a t t l e ,  ano ther  hour i s  spen t  

deepening and maintaining t h e  ceane. 

Oc tober  t o  June: This includes the  period o f  tying down t h e  c a t t l e  and ro ta t ing  t h e m  

over  t h e  agr icul tura l  fields. The  s tandard prac'tice i s  t o  t i e  down only some of t h e  animals  

as they  re tu rn  

and  those  t h a t  

o u t e r  edges  of 

t i ed  around tht  

n t h e  evening. Those t ied  down a r e  primarily t h e  lead animals  of t h e  herd 

may b e  especially difficult  t o  handle. Oxen and bulls a r e  placed on  t h e  

the  herd t o  p r o t e c t  i t  f r o m  night a t t a c k s  by predators. The  animals  a r e  

horns with baobab rope made  in t h e  household. T h e  o t h e r  end  of t h e  rope 

i s  a t t a c h e d  t o  a hooked s t a k e  dr iven in to  t h e  ground with  a wooden mallet. An a l t e r n a t i v e  

way t o  keep t h e  animal  in p lace  is  t o  tie two  animals  t o  a large  heavy log. Ca lves  a r e  

separa ted  f r o m  thei r  d a m s  a n d  kep t  in a small  thorn bush c o r r a l  in  t h e  middle of t h e  herd. 

The  head of household uses th i s  t i m e  t o  de te rmine  t h e  s t a t u s  of t h e  herd under his 

authority.  H e  coun ts  his c a t t l e  and  makes  no te  of rnissing animals. If a n  an imal  i s  

missing fo r  more  than  t h r e e  days  a sea rch  m a y  b e  in i t i a ted  - to find it. Young animals  t h a t  

are part icularly di f f icul t  to handle a r e  t a m e d  by roping t h e m  t o  a long s t ick  3 t o  4 

c e n t i m e t e r s  in diameter.  T h e  shor t  baobab bark rope and its trai l ing s t i ck  m a k e  ca tch ing  

t h e  an imal  easier. T h e  size and weight of t h e  s t ick  depend on how much t h e  an imal  needs  

to b e  subdued. 



Loccllly made baobab rope, a n  axe, and a one-piece woodon mul le t  a r e  t h e  basic tools 

used f o r  tylng down t h e  animals. Long heavy logs, and shor ter ,  l ighter s t lcks  t o  tame 

irnirnals are obtained f rom t h e  bush. This task i s  usually done by t h e  head o f  household 

with t h e  help of boys and young men. I t  i s  dono a t  t h e  same t i m e  as t h e  evening milking. 

For  a herd of a hundred onlrnals less  than a n  hour is spent  tylng down ubout twenty 

head,and corrall ing t h e  young calvr:cr, The re lease  of animals in t h e  morning t akes  e v e n  

less time. Af te r  t h e  milking i s  hoished and t h e  animals have been f reed f r o m  thei r  

te thers ,  they  a r e  herded by y~urrg boys in t h e  general  d i rect ion chosen by t h e  head 

household. C a t t l e  a r c  hcrded fo r  a mile  o r  s o  and then i e f t  on  the i r  own. 

' r ime spent  milking depends  on t h e  season and t h e  number of ca lves  in a herd. Most 

calvings occur  frorn March t o  August. During th i s  t i m e  a c o w  about  t o  calf may b e  

separa ted  f rom t h e  herd and  kept  c lose  t o  t h e  village, however th i s  t h e  exception r a t h e r  

than t h e  rule. I t  i s  qu i t e  unusual t o  see special  a t t en t ion  given t o  animals o ther  than 

horses, '4ilking s t a r t s  about  a week a f t e r  t h e  birth of t h e  calf and cont inues  f o r  t w o  years  

whenever t h e r e  i s  enough milk for t h e  ca lves  and human consumption. With t h e  onset  of 

t h e  dry  season t h e  amount  of milk obta ined for human consumption is at l eas t  halved. In 

f t-x Sinthiou Fissa a n d  O l d d o u  zones where  t ranshumance is  made  necessary by t h e  lack of 

water ,  no milk i s  avai lable  during t h a t  month. 

To  bring t h e  milk down the  calf  i s  brought t o  i t s  dam and allowed t o  s t a r t  suckling. I t  

i s  then  removed arid t ied  wi th  a shor t  baobab rope t o  t h e  cow's  haunches. The  ca l f  may b e  

re leased briefly if milking i s  d i f f icul t  and o n c e  more  t ied until t h e  milking is finished. 

The  cal f  i s  then  released. T h e  youngest ca lves  a r e  placed in t h e  thorn bush cor ra l  a n d  

re leased only when t h e  herd is well on i t s  way. Ca lves  then s t a y  near  t h e  village without 

supervision unti l  t h e  re turn  of t h e  herd. T o  prevent  two year-old ca lves  from suckling 

when with t h e  herd, severa l  s t icks  with very sharp ends  a r e  a t t a c h e d  t o  t h e  cal f ' s  muzzle. 

This barbed device  makes  i t  virtually impossible fo r  t h e  calf  t o  approach t h e  cow's udder. 

Milking is  usually done by young men and boys. However in t h e  rainy season, when milk is 

abundant,  young women also milk cows. T h r e e  persons c a n  milk f i f t een  to twenty  cows  in 

less  t h a n  a n  hour. 

2.6.1.1.1. Transhumance,  This applies part icularly t o  t h e  villages t h a t  a r e  e a s t  of 

t h e  esca rpment  in t h e  Sinthiou Fissa  a n d  Ololdou zones. In s o m e  villages t h e  e n t i r e  family  

and herd  m i g r a t e  t o  ano ther  village f o r  t h e  durat ion of t h e  d ry  season. This is t h e  case 

far rire &I-QE af Sfm l=ia=naa& Bocar -Kam, IX the CJf5tQOu m n e ,  where  €lift% - f a m i E s  

migra te  t o  o t h e r  villages where  wa te r  i s  m o r e  readily available. These  villages are Bema, 

Kadiel, and t h e  smal l  town of Cabou. 911 a r e  located along t h e  Bake1 t o  Kidira road a n d  

and  h a v e  m o r e  re l iable  access to water. Cabou in part icular sees a n  impor tan t  increase  in  



population during t h o  dry  season a s  people and kords c o r m  there  (ctmnos c a n  b e  

sucesstully dug around Gabou). 

In t h e  Sinthiou Fissa Zone thc re  a r e  two  d i f fe ren t  pa t t e rns  of transhumance. C e r t a i n  

villagcs 'along t h e  esca rpmont  (Birfal, G o u r d  Maman Ndieye, and Waly Dlala), have a 
two-step transhurnance. The  f i r s t  move i s  t o  Ourousoul6 a s  soon a s  sources of 

groundwater d ry  up. The one  good well in Ourousoulb then becomes  used twenty-dour 

hours a day; i t  t akes  longer t o  recharge  and causes  delays  in water ing herds. This s e t s  o f f  

a second t ranshumance towards t h e  F a l i m i .  

For  o ther  villages in t h e  Sinthiou Fissa Zone, like Arigabo where  wa te r  h a s  t o  be 

hauled in by horse  c a r t  every day  during t h e  dry  season, t h e  herds a r e  sent  t o  t h e  Faldmb 

(in s o m e  cases to t h e  o t h e r  side of the  FaldmiS in to  Mali). T h e  ra t ionale  for t h e  

t ranshumance i s  access to  wa te r  r a t h e r  than  t h e  lack of rangeland for t h e  animals. I n  t h e  

Sinthiou Fissa Zone t h e  village of 0e l l e  has  a well with a diesel  pump; s o m e  villages near  

Belle t a k e  advan tage  of th i s  but for households wi th  large  herds and hired herders,  i t  i s  

less cost ly  t o  send t h e m  on  transhumance. 

August t o  Sep tember  se t t ing  of bush fires: This  i s  no t  a recognized task; however, i t  

t akes  place  with s o m e  regular i ty  and though not  discussed openly, i t  is recognized as 

associa ted wi th  t h e  c a r e  of of o n e t s  herd. No one  admi t s  se t t ing  bush fires; i t  does  not  

appear  t h a t  any  par t icular  individual with exper ience in s e t t i n g  such f i res  will a s sume 

responsibility. F i r e s  a r e  s e t  by individual herders  as they  s e e  a need ( t o  improve t h e  

quality of t h e  range, according t o  some interviews). 

A u ~ u s t  t o  Sep tember  s a l t  supplement f o r  ca t t le :  During t h e  eai!y rainy season mos t  

herds  receive  a s a l t  supplement. A smal l  pit  i s  dug  near  t h e  village a r d  filled with water ,  

rock s a l t  i s  added, and  animals  a r e  allowed in. 

Oc tober  t o  November bush c a m p  season: During th i s  period c a t t l e  a r e  k e p t  a w a y  

f r o m  t h e  village. Hired herders  a r e  accompanied by young boys f rom t h e  household who 

re tu rn  t o  t h e  village every  day with milk f rom t h e  herd, and t a k e  back mea l s  prepared for  

themselves  a n d  t h e  herder. 

During much of t h e  d ry  season, m e n  co l lec t  s t r ips  of bark f rom t h e  baobab t r e e  and  

weave t h e m  in to  various lengths  of rope. L a r g e  s t r ips  of bark a r e  sl i t  and  briefly soaked in 

wa te r  if they a r e  t o o  s t i f f  f o r  hand weaving. T h e  ropes  used t o  tie down animals  a r e  

woven wi th  a - built-in -- - s l i ~  knot. - Much of - t h e  - - - r o E  weaving - is done  in t h e  village square  by - - -- 

men sea ted  on a shaded p l a t f o r m  (tchiaily) used f o r  smal l  group meet ings  and conversa- 

t ion. 

2.6.1.1.2. Operat ing costs. Expenditures for herd management  consis t  primarily of 

herderst  salaries. A hired herder  i s  paid in  cash r a t h e r  t h a n  in-kind. A herder  e a r n s  I 



npproxirnutely 7,500 CPA pcr tnonth. I f  hu h l r d  for a sixmonth poriald cfurirrfl tho ruby 

saason, ha rccolvos about 90,000 Ct7A irr total. Ottior costs ~ I r o  ~ s ~ s o ~ l i l t u d  with tlm 

~niri,rrtcnance of the Imvdar. 'So sornc axtarlt tlic hcad o f  l~ouscl~old Is uxpoc ted to giva h i ~ n  

a certain arnourlt of grain and augcrr. Herdorti corno frorn the Unurrdou or the Forlo, ar~d 

rnoat arc Peuhl ru  thcr than Toucoulaur. 

The herder's salary is dctermincd by the Job and not by tho size of tho tlcrd, A 
village chief answered the question as to whether a larger herd required more puytnerit 

than a srnaller one by saying "we al l  go to the bush." 'rho Iierder is not expected to do al l  

the work by himself. I-le can bc assisted by thc sons and brothers of rlic I l ~ i l t l  o f  

household. This is particularly true for major tasks like watering the onirnills and milking, 

as well as the occasional rnarking and c i l s t ra t !~~ .  Thc herder is not given specific 

instructions concerning which pasture to use when animals are kept near the village. 

When the herd i s  sent on transhumance however, specific instructions are given on the 

watering points he should use. 

Male rne~nbcrs of the famiiy who have animals i n  the herd are expected to contriblrte 

rnoney to cover their share of expenses. Women with anirnals in the herd are not expected 

to pay in  cash. A head of household described the systern as follows: "if a wornan has 

animals in  the herd and her cows have four male calves, the head of household may take 

two of these as her share of operating costs." 

2.6.1.1.3. Castration. As a head of household said, llwithout castration there i s  no 

money." Castration is done for the following reasons. In  order to space bulls and always 

have one that is the recommended period between bulls i s  three years. This 

minimizes fights between bulls. In  selecting those bulls to be kept for reproduction, the 

herder  nus st keep several cri teria i n  mind, i.e., whether i t  is of good breeding stock; 

whether i t  issued frorn a cow with a good milk supply; and whether the age spacing with 

other bulls i n  the herd is adequate. 

2.7. PROJECT INTEKVENTIONS 

Project interventions have necessarily been focussed on several distinct areas, but 

the assessment of their net impacts is complicated by strong interactions between 

interventions, and the fact that some secondary benefits have i n  fact been more 
- 

substantial than gains from primarily intended purposes. 6ne should also be careful to 

distinguish between the technical appropriateness of interventions and their delivery or 

ex tension. 



towers, ponds, t h e  corrstructlon o f  the  Mbuniou base, t h e  digging or repair  of village wells, 

and t h c  design of a rangc Inanagernent plan. Extension- type in tervent ions  consisted 

mostly of livestock heal th  :iervices, functional l i teracy in Pulaar,  home economics and 

child heal th  morritoring by t h e  Maison Pamillale liurale, of Ndia, t h e  livestock market ing 

and supplemental  feeding programs. 

2.7.1. l ioads and Firebreaks - 
Roads were! f irst  built in t h e  a r e a  (mostly in t h e  Mbaniou zone) t o  allow heavy 

const ruct ion equipment  access t o  t h e  pond sites. The  t e r m  Voadsl'  h e r e  r e f e r s  to  graded 

t racks  usable a t  all t imes  but t h e  height of t h e  rainy season. Access  roads were  widened 

and t h e  network extended t o  provide a tota l  of 185 km of seven-meter  wide firebreaks,  

sui table  for cornfo:table t ravel  by project  and pr ivate  vehicles. In addition, t h r e e  f i r e  

towers  were  built in t h e  project ' s  f i rs t  phase, as p a r t  of t h e  overall  f irefighting plan. 

Comparisons of overall  yearly rangeland burns in the  mid-1970s (before  const ruct ion 

of firebreaks), and of t h e  p resen t  e x t e n t  of burns, a s  well a s  ongoing observation during 

t h e  p ro jec t  life, indicate  t h a t  nei ther  t h e  extensive  firefighting plan, nor the  f i rebreaks  

themselves  have had a not iceable  impac t  on  annual burning. The f i r e  towers  have not 

been used, populations have not mobilized t o  f ight f ires -- excep t  when cul t ivated fields 

and villages were  actual ly  threatened.  The  e f fec t iveness  of f i rebreaks  has  proved t o  be 

minimal, because of t h e  o r ien ta t ion  of prevailing winds, t h e  narrowness of firebreaks, and 

very f a s t  vegeta t ion regrowth,  All these  problems have been explained in de ta i l  in 

previous work (inter alia, Legast ,  1980), a s  well a s  in t h e  Soil and Water Engineering, and 

Range Management reports. A t  t h e  s a m e  t ime, t h e  education e f fo r t  designed t o  ra i se  

consciousness in t h e  population's minds of t h e  need for  b e t t e r  bush f i r e  management  does  

not y e t  s e e m  to have made  much of a n  impact. 

The  basic problem is  t h a t  t o t a l  f i r e  management  in t h e  a r e a  is  technically possible 

only at costs ent i re ly  ou t  of proportion with t h e  benef i ts  o n e  would der ive  f rom protect ing 

vas t  expanses of l i t t l e  used rangeland I rom fire. The only cost -effect ive  way t o  dea l  with 

f i r e s  in vase low-productivity a r e a s  is f i r e  prevention r a t h e r  than  firefighting. However, 

- ch& @= 2 &fit & w m m  dfart a f  rfialnorle d ~ r t ~ ~ c a W  ylw local 

populations. F i res  will a lways occur  in t h e  project  a rea ,  especially s ince  occasional 

burning at t h e  right t i m e  of year  i s  beneficial  t o  rangelands. Technical  ap1,roaches 

designed to c d n t r o ~  f i r e s  most ly  s e t  by people appear  doomed t o  failure. 

This said, it turns  o u t  t h a t  o n e  of t h e  most  impor tan t  a s p e c t s  of project  in tervent ions  

i s  t h e  i m p a c t  t h a t  t h e  es tabl ishment  of this network of roads  had on t h e  area. Previously, 



allowed villages i n  the area to become integrated into the local administration. They are 

used by project staff who have regularly scheduled rounds in the area. With better 

accessibility, trafiic from government: agctrcit:~ and political parties has increased. Some 

private transporters have also started to penetrate the area. Vi1lagei.s themselves remark 

on thclr new rcads. They see it ar nn iniportant improvement of their area. 

2.7.2. Ponds - 
The water catchment ponds built by the project have also had an important impact. 

The fact that they retain water unt i l  January or February and are spread throughout the 

area enables herders to usc range that would not have otherwise been accessible. Ponds 

also push back the time when men must draw water for their cattle. These benefits are 

well recognized among populations and villages who do not have a pond in  close proximity 

are constantly petitionin8 the project for pond construction in their area. 

In spite of this, long-term benefits from ponds are quite limited. Because of serious 

infiltration problems (described in  detail in  the Soil and Water Engineering report), ponds 

retain water for only a short period of time. A n y  benefits to cattle up to mid-January, 

for example, have disappeared by the end of the dry season, and relief on denuded areas 

around villages is too brief to make an impact on the continuing process of degradation. 

Furthermore, the current design of ponds requires some regular maintenance: removing 

excess accumulations of silt, and controlling slope erosion and evaporation by 

revegetation of slopes, building dikes, etc. Notiring in the projec tls experience suggests 

that local populations have either the means or the incentive to take upon these tasks. 

The Base .-, at Mbaniou: Many developmenr professionals who have worked on and 

appraised li~estock projects have come to the conclusion that excess physical 

indrastructure is the chief reason why almost none are financially or economically viable. 

The basic reasoning is that the very nature of the resources involved makes it extremely 

difficult to show tangible results of interventions directly aimed at range and animals. 

The common reaction is to set up highly visible infrastructure (e.g., firebreaks, wells, 

corrals, fences, administrative buildings and so forth). In this particular case, however, 
- 

the complete absence of any other infrastructure in  the project area justifies such 

interventions as road building and the establishment of a technical base at Mbaniou, 

because of the many ancillary benefits from this infrastructure. 

The construction of the M baniou base with its houses, classroom buildings, off ices, 

storerooms, and garage, each provided with electricity and running water, has had this 



type of impact on the area. The establishment of such a base to pertilit the outposting of 

veterinary staff has been a success. Because of the precedent set a t  the base, veterinary 

staff were assigned to small villages throughout the project zone. 

The base also exerted a very strong magnet effect by bringing orher government 

projects to the area. For instance, the base offers housing with a relatively high level of 

comfort, electricity five to six hours a day, and running water. The Ministry of Education 

has been able to send a teacher, who started the first Francophone school in  the zone. 

During the school year, 36 children were enrolled, corning from six neighboring villages; 

12 of the students were girls. 

The Uakel health project also has taken advantage of the physical facilities at the 

base and there is now medical personnel i n  the area for the first time. 

2.7.3. Livestock Extension Services 

Another successful intervention has been the provision of veterinary services i n  the 

project area. The outpostiirg of ATEs (Agents Techniques dtElevage) at  the Mbaniou base 

and in  area villages has made it possible intervene almost immediately in response to 

outbreaks of contagious bovine diseases. On several such occasions the project was 

notified the same day; in  the days that followed vaccine was brought in, and the threat uf 

an epidemic contained. 

The fact that some ATEs live i n  the villages and have a regular visiting schedule 

permits herders to consult with them, obtain advice and make them aw,are of any 

outbreaks of disease among their animals. It is our feeling that observed gains i n  

morbidity and mortality of livestock are directly related to this particular approach of 

animal health extension services. 

To improve the condition of cattle, especially of cows which dropped calves just 

before the rains, the project has relied on ATEs to encourage herders to buy and use 

cotton seed as a supplementary feed. There i s  evidence that i n  larger villages with 

important concentrations of animals, the supplemental feeding program has been adopted 

by some herd owners, although no priority i n  supplementary feeding seems to be given to  

lactating cows, as was suggested in  ex tension meetings. 

Qur srarw nf hventory changes i n  livestock - . herds included prices received for 

animals sold; these were compared to baseline data collected eight years previously. For 

cattle, comparisons of weighted average sales prices suggest an increase i n  prices 

received of about 30 percent; for goats, the increase is on the order of 20 percent. 

Baseline date on sheep prices are unfortunately not available, but considering the average 

1984 sale price of sheep (over 13,000 CFA Francs), the increase i n  price received by local 

populations must have been much higher than for goats. 



hopefully maximizing t h e  economic benefits  derived by owners f rom animal  sales. In t h e  

beginning, a c o n t r a c t  w a s  signed with SEHAS, a public socie ty  in  charge  of l ivestock and 

m e a t  marketing. Animals w e r e  bought on a live-weight basis, and transported to  Dakar. 

Selling animals  frorn t h e  Boundou on t h e  Dakar m a r k e t  was  -- m d  remains  -- a rat ional  

approach, s ince  t h e  p r ice  of m e a t  a t  t h e  re ta i l  level  is higher in Dakar  than anywhere  e l s e  

in Senegal. I t  turned out ,  however, t h a t  because  of i t s  cos t s  and fees s t ruc tu re ,  SEIIAS 

could not  really pay more  on a live-weight basis than the  prevailing r a t e  among t radi t ional  

buyers, and  th i s  approach  w a s  discontinued. I t  (was then  suggested t h a t  t h e  project  buy 

animals,  t ranspor t  them t o  Dakar with i t s  own t r i ~ c k ,  and sell them t o  p r iva te  t r aders  on  

t h e  capital 's  l ivestock market. However, i t  Sooil b e c a m e  apparen t  t h a t  th i s  required a 

k n o w l e d g ~  of the indwtry  and professional connect ions  -- in addit ion t o  some sharp 

I management  and business skills -- t h a t  no  o n e  on t h e  project  s t a f f  possessed. 

Never theless, continued improvement of project  rnarketing ac t iv i t i e s  should be  sought. 

Currently,  c a t t l e  a r e  bought f rom herders and sold on t h e  Uakel market ,  par t ly  under 

pressure from local  au thor i t i e s  who a r e  having di f f icul t ies  convincing pr ivate  opera to rs  t o  

butcher  animals, given t h e  off ic ia l  r e ta i l  pr ice  of m e a t  in t h e  city. Supplying c a t t l e  to  t h e  

c i ty  of Uakel t h e r e f o r e  resembles  more  a public se rv ice  than e f f o r t s  to  maximize t h e  

benef i ts  derived by herders  frorn the i r  animals. As f a r  as c a t t l e  a r e  concerned,  t h e  option 

of helping organize  shipments  from t h e  project  a r e a  t o  more  promising regional marke t s  

l ike Coudiry and Tambacounda must  be  seriously explored. Also worthy of addit ional  

involvement is t h e  a r e a  of small  ruminant market ing -- especially sheep. P ro jec t  

market ing ac t iv i t i e s  dealing with sheep have exce l l en t  potential, especially as they  may  

r e l a t e  t o  t h e  sharp  annual r i se  in demand for Moslem holidays. 

I 2.7.4. O t h e r  Extension Services  

I O n e  must  fkst recognize  t h a t  general  extension ac t iv i t i e s  in t h e  project ' s  more  

I r e c e n t  phase ( a f t e r  t h e  1980 redesign) have  t aken  on a relatively bold new orientation,  and 

I have been much m o r e  successful  than  anything a t t e m p t e d  previously. Pr ior  to 1980, t h e  

approach had been t o  provide livestock heal th  extension through l ivestock a g e n t s  working - - 

o u t  of t h e  c i t y  of Bcbkel, which meanf t h a t  any  visit t o  t h e  project  a r e a  turned in to  a 

I minor expedition. O t h e r  extension services  (sensitizing populations abou t  project  

ac t iv i t i e s  and objectives,  education,  home economics,  etc.) w e r e  handled by Promotion 

Humaine agents,  most  of whom could no t  speak Pulaar,  and had no technical  knowledge of 

t h e  local  agropastora l  system. In addition, technical  s taf f  in charge  of l ivestock extension 



and Promotion Humairle agents answered to different administrations, and neither worked 

together nor coordinated their activities. 

The project admlnlstratlon deserves very high marks for restructuring extension 

services along lines much more suitable to local conditions and more conducive to the 

establishment of working rapport with the populations. In the first place, the technical 

and extension field staffs were moved to the Mbaniou base, located in the project zone. 

Secondly, livestock and other extension services are handled by Pulaar-speaking agents 

either assigned to various villages, or operating out of the Mbaniou base. By working so 

much closer to project populations, extension staff have gained a greater degree of trust 

on the part of villagers, and a much better perception of day-to-day problems facing them. 

2.7.4.1. Pulaar Literacy 

One of the most successful project interventions has been the Pulaar literacy 

program. The project recruited and trained fluent Pulaar speakers to teach literacy in 

certain villages of the project area. The teachers, or AVEs (Agents Vulgarisateurs 

dlElevage), are based in villages throughout the project area. From there, they have a 

regular schedule of classes in  nearby communities. Villagers are expected to provide a 

classroom for the students. Most are crudely built structures that provide shaded space to 

hold classes. 

The classes are extremely well received wi th  a high' level of attendance. When 

visiting a village with a literacy program, one is struck by the amount of graffiti on the 

walls of houses, done either in chalk or charcoal. These are done by young students having 

learned to write, and possessed with the need to do so. Any vehicle arriving in the village 

covered wi th  dust is soon used as a blackboard. Upon arrival, it is common to have young 

students proudly place in your hands scraps of paper with writing in Pulaar. In one 

compound a new bench had been built. The split wood logs, fresh and almost white, had 

been almost entirely covered with writing in Pulaar. 

The Pulaar literacy program lasts three years. After the third and final year of 

Pulaar classes, a Francophone school was opened in the Mbaniou Zone. The school was 

well attended and students were well prepared undoubtedly because most had already 
I 

The literacy classes, open to children as well as adults, are conducted around useful 

themes. For instance: how to recognize illness in a cow, ways a good herder should look 

after his cattle, or feces-borne diseases and village sanitation. 



staff  works in several  villages of the Mbaniou Zone. They have been regularly monitoring 

the  weight and growth of infants. With the  help of the Maison Familiale, the  viliages o f  

Ndia and Mbaniou have been able t o  obtain milling machines which a r e  important t ime and 

labor savers for women. 





There  are rnany possible ways t o  measure  rural  wcll-being; in this case ,  we opted  t o  

include key cash inflows f rom grain  and c a t t l e  sa les  (agricultural  income), and rece ip t s  

f r o m  local nonagricultural ac t iv i t i e s  and remi t t ances  f rom migrants. In addition, t h e  

levels of food purchases and of a c t u a l  food consumption over t i m e  for e a c h  surveyed 

family  provide reliable indicators of food self-sufficiency and of food intake. 

3.1. RURAL INCOME A N D  FOOD CON5IJMPTION 

3.1.1. Agricultural  Income 

3.1.1.1. G r a i n s a l e s  

There  has tradit ionally been a strong grain m a r k e t  in t h e  area ,  especisl ly for  

sorghum. Grain  i s  generally sold a t  a r a t e  above t h e  off ic ia l  price. There  seem t o  be  t w o  

periods wi th  g r e a t e r  ac t iv i ty  in gra in  sales; upon harvect ,  when t h e  head of household c a n  

assess t h e  grain on hand, a n d  prior t o  t h e  r a h y  season, when h e  has  taken s tock o f  his 

reserves  and can  count  on new produc tl'on. 

Prior t o  the  1983 harvest ,  27 m e t r i c  tons of sorghum were  imported by t h e  p ro jec t  

and sold in t h e  Mbaniou Zone at 80 CFA Francs  per kilogram, I I CFA Francs  above  t h e  

purchase pr ice  (Diaw, 1983). There  were  only c a s h  transactions,  and e a c h  head of 

household act ively  involved was  l imited t o  200 kilograms of grain. The  to ta l  cash  out lay 

in t h e  Mbaniou Zone fo r  t h e  27 tons  of sorghum was 2,160,000 C F A  Francs. This points 

o u t  two  very important  facts, First ,  t h e r e  was no grain  surplus in 1983, and second, t h e r e  

was  cash  available t o  compensa te  for  t h e  subsistence def k i t .  

D a t a  on  agr icul tura l  s a l e s  col lected f rom e a c h  of t h e  120 surveyed households fo r  

over  a year  conf i rm this. Tab le  3.1. clearly shows t h e  relat ively insignificant impor tance  

o f  millet, sorghum and  peanut  sa les  in t o t a l  agr icul tura l  market ing for a l l  zones  (just over  

t h r e e  percent  of to ta l  value). T h e  bulk of agr icul tura l  income undoubtedly c o m e s  f rom 

livestock sales, and th i s  money i s  primarily spen t  on  gra in  purchases for millet, sorghum 

and  m a i z e  f rom outs ide  t h e  region. 

3.1.1.2. C a t t l e  sa les  

Livestock market ing in t h e  project  a r e a  involves t w o  parallel  markets: (a)  t h e  

t radi t ional  sys tem by which people sell  animals  t o  travell ing col lectors  (Dioula), o r  t a k e  

an imals  themselves  t o  a smal l  regional market;  and (b) market ing ac t iv i t i e s  organized by 



the project. Several surveys, based on price comparisons bet woen animals purchased by 

Oioula in the area and levels of transactions on nearby regional rnurkets (Uakel, - 
Tarnbacounda) suggest that the traditional marketing system is tolerably cornpctitive and 

al'ticlent. In fact, in the case of cattle, the project marketing program has not been able 

to offer prices substantially higher than those prevailing in the traditional system. 

TABLE 3.1. 

M A I N  AGliICULTUKAL SALES, A L L  ZONES 

Product 

Cattle 

Coats 

Sheep 

Millet 

Horses 

Peanuts 

Chickens 

Donkeys 

Sorghum 

Total 

Cross Income 
- 
X Uni'! Price 

As we could see frorn Table XI . ,  livestock makes up over 9576 of agricultural sales. 

The second noteworthy point is that these sales nonetheless represent a very low level of 

offtake, considering that herds are not in a cycle of fast expansion. The estimated 

offtake rate for cattle is on the order of 6 to 8%, compared to a biological potential 

equilibrium offtake rate of over 10% in similar traditional systems. The observed 

structure of local herds, however, indicates maximum destocking, and even replacement 

of lost females through purchases; the conclusion is that calf mortality levels have 

remained - high, - and constitute the major obstacle to increased sales, rather than herd 

owners' attitudes or other factors. The same applies even more in the case of small 

ruminants, and for the same reasons. 

Table 3.2. breaks down agricultural sales, receipts and average unit price by zone. 

Cattle sales in each zone reflect their respective herd holdings; the high revenues from 

goat sales in the Ololdou zone springs from that area's lesser endowment in grazable 

range, and the local emphasis on small ruminants. Because of higher cattle marketing, 



(CFA Francs) 

Sinthiou Fissa (40 HH) Ololdou (30 HH) 

Ca t t l e  (145 R X Rice X Rice Sales X Rice Sales Item Sales 

51,400 

12,500 

7 ,  LOO 

57/kg? 

76 6 

Ca t t l e  (52) 

Millet 

Coats  (39) 

Sheep (1 I) 

Horse 

Peanuts 

Donkeys (2) 

Chickens (1 9) 

Ca t t l e  (7 1) 

Coats (100) 

Sheep (25) 

Donkeys ( 1) 

Chickens (1) 

Coats  (57) 1 
Millet 

i 

Chickens ( I  ) 

Sorghum (6) 1 
Peanuts (I) 

X/househol 

Total Total 

NOTE: Nu bers in  parentheses refer  to the  absolute frequency of sales. rf 



average agricultural  sale^ per household were highest In the Mbaniou zone, the Ololdou 

and Slnthiou Fissa zones being second and third, respectlvaly. 

3.1 .2. Nonagrlcultural lncorne 

3.1.2. I. Small shops 

The project area lacks either perrnanent or rotating produce and dry goods markets, 

The only permanent markets are in  the major town!) and administrative centers of Uakel, 

Kidira and Goudiry. There is, however, ~igni f ica~nt small-scale economic activity ill 

villages. Even the smallest village in  the area has what could loosely be called, a shop. 

These are simpler versions of the small neighborhood stores found in most small towns of 

Senegal. Stock and supply are limited and sporadic as the shopkeeper rarely has a chance 

to make business trips to Uakel, Kldira or Goudiry. 

In  some villages of 150 inhabitants, three smail shops offer sporadically a variable 

amount of stock (see Table 3.3.). The investment needed for such a business i s  limited. 

One shopkeeper said she bought her init ial stock with 25,000 CFA Francs sent by her 

migrant brother. The investment consisted of 5 gross of sugar, 15 liters of oil, a large 

sack of hardtack biscuits, soap blueing, and tea. 

The same shopkeeper had money on hand to replenish her stock, but when interviewed 

in  February 1983, she was trading more goods for sorghum than for cash. At  the time, 

there were seven sacks of sorghum in  the room used as a shop. I t  was traded at the 

prevailing market rate, above the official price. Though this shop was exceptionally 

well-stocked and successful, i t is typical of others i n  the area. They are generally run by 

women and initially capitalized by remittances. Whenever an item i s  not available, one i s  

sent to  the closest other shop. 

3.1.2.2. Crafts 

Most villages have craftsmen: smiths, who make and sell axes, and traditional 

tools; and woodcarvers who make bowls for milking, stools, mortars and pestles, 

, essential to every household. Some villages have matmakers and weavers, but 

specialized skills are rare in the project area. The items produced are either sold I( 

farm 

items 

these 

x a l l y  

-1ers i n  nearbv towns. - 

Some village also have other skilled craftsmen like traditional adobe house builders. 

The going rate for a well-built round adobe house is 5,000 CFA Francs; a square house 

cost 2,000 CFA Francs more. The construction cost covers only the work by the mason on 

the walls -- the owner i s  le f t  to  timber and thatch the roof. 



SAMPLE OP GOODS AND HOW THEY ARE H C T A I L ~ D  
IN A SMALL VILLAGE Sl-10P 

Cube sugar 
Sugar candy 
Cigarettes 

Matches 
Ulueing 
Chinese green tea 
Hardtack biscuits 
Fried fish 
Soap 

li ice 
Vegetable oil 
Sorghurn 
Onions 
Canned milk (gloria) 

Maggi cubes 
Vinegar 
batteries, D Cells 
Light bulbs for flash lights 
Nescafe 

. - -- - - -- - - - - 
3.1.2.3. Bread ovens 

In  the Boundou there seems to be a certain taste for French bread made of wheat 

flour baked in  adobe ovens. Villages who have and maintain a functioning oven are proud 

of it, and people come from neighboring villages to buy bread. Ovens do not operate 

Sold by the piece or box 
Sold by the piece 
Camelia sold by the cigarette 

or the pack 

In small packets 
Sold by the shot glass 
Sold by srnall bag 

Sold by the cake or half a 
cake (savon dc ~Llarseille type) 

By the small can during the 
dry season 

Spiced bouillon cubes 

Large adobe or cement block structures are built by masons brought into the area on 

contract. They charge 200,000 to 400,000 CFA Francs for the construction of a 

tin-roofed house, depending on size and number of rooms. Construction generally starts 

during the dry season in  hopes of completing the structure before the rains. The mason 

brings assistants and apprentices, while the owner provides materials like sand, cement, 

beams, roofing material, water, and adobe or cement blocks. 

Several villages have specialized craftsmen in  semipermanent residence. In such 

cases they reside i n  the compound of the village chief, where they practice their craft. 

Having a silversmith or a tailor i n  residence, as do two villages, imparts a certain prestige 

to the community. 



a regularly. Thcrc are two reasons for thls: supply of llour is uncvarr, nrld bakers go from 

vlllage to villal~e looking for bettor opportunities because owrrcrs underpay tlwrn. In one 

case the village chief ownin8 the oven was said to offer the baker three loaves of bread 

for his day's work. At 70 CFA Francs a loaf, thls could not be considered much of il 

salary by the baker. In another case the sporadic operation of the oven was taken over by 

young boys a t  tending Koranic studies. 

3.1.2.4. Other economic activities 

In several villages hunters  ell meat (generally - koba or gazelie) to other villagers. On 

an irregular basis large or small rurninants are sornetirnes also butchered at the village, 

especially around feast days, when all the meat is likely to be sold. In one village near the 

Bakar-13a1nako railroad line, several cows were run down by the train. Several anfrnals 

could be slaughtered according to religious prescriptions, and much meat was available at 

very low prices for a brief period. In one village an enterprising man carries a large 

plastic bag of hard sugar candy which he sells to many children and adults. 

3.1.2.5. Travelling merchants 

Villages in the project zone are constantly visited by itinerant siilescnen. Cloth 

salesmen are seen on a regular basis, especially after the harvest, and before feast days. 

Travelling hardware salesrnen offer used parts to repair horse .carts and agricultural 

equipment. One group of wornen was identified as Fulani from Niger, selling traditional 

medicines and herbs. A t  times, specialists in male circumcision and female excision visit 

the villages making their services available for 250 CFA Francs per operation. Cola nut 

salesrnen of ten pass through the area, resupp!ying local shops. 

ltinerant musicians stay for a few days in some villages. Earnings for an evening's 

singing by two musicians may be between 10000 and 15000 CFA Francs. A visiting 

genealogical priot may leave after. two days of work praising a family and other villagers 

with a four-year old ox, a small piece of gold, several sheep, pieces of cloth, and cash. 

I 3.1.2.6. Economic activities of women 

The largest scale of econornic activity for women in the project area is their 

crperatiorr uf srnaii viimge shops, bttt &i=e a h  W W  i;e 6.t- maze ~&*inn_?l - 

activities. 

Women are responsible for, and own, small ruminants. They derive an income from 

the sale of their animals. As for cattle, sales of small ruminants are generally negotiated 

through the head of household or some other male member of the compound. 
I 



Scvertll villagcs in  tho area hlrvc worrlan who bciong to tlrc putter cclsto. Tlroy rntrko 

large ~irld small wtrtor jurs, opcn wtltcr pots, urld couscolrs stcurncrs. I'tlcir products arc 

sold locally or in tllc lnirjor towns of t110 ilroil. t3rices arc ilbout ir 750 GI?/\ I?rmcs for  il 

water jar, and 300 CPA Francs for a mall  jug. Villagc wornon sornetirrles prepara 

bel~nets, a wheat-based fritter or doughnut. These arc sold in the rnvrnirlg for brcultltrst 

at S CPA Francs a piece. Villagers usually know v no prcpnres belgnets, and chllclren are 

sent to buy solne. 

Wornen may also sell what they have gatbered or processed. Exilrriples include tho 

sale of tarnarind fruit or of crushed dry baoblrb leaves, an essential condirnerlt !#I  the 

preparation of couscous. 

3.1.3. Food Purchases 

Tables 3.4. through 3.6. present a list of the main food iterns purchased by surveyed 

households in each zone, from May 1983 for a period of about one year. The information, 

collected on a biweekly t:asis included a list of the purchased itcrns, quantity bought, unit 

and total cost, and expected duration of this supply (see questionnaire forrn 7 in the 

Appendix). 

The total amount spent on food purchases was highest in the Ololdou zone; food 

purchases per household were equivalent, on the average, to 104,472 CFA Francs 

annually. In the Sinthiou Fissa zone, the total arnount spent on food purchases was 

equivalent to about 64,055 CFA Francs; finally, the lr~west food purchases of the ltlbaniou 

zone amounted to an average 27,438 CFA Francti per household per year. In spite of 

marked differences in the level of spending, its distribution over the range of items across 

zones is very similar. Five or six basic food iterns account everywhere for over 80 

percent of purchases; in decreasing order of importance: rnillet, rice, peanuts, sugar, oil 

and dry fish. Not surprisingly, these all are known as primary ingredients in the 

preparation of most common dishes consumed in the area. 

The remainder of the purchased items are also typical of the kinds of foods consumed 

in the Doundou; the very limited amounts spent on anirnzl protein. derived from red and 

white meat are mostly offset by consumption of peanuts and dry fish in sauces, and by 

occasional slaughter of small stock raised by the family. One should note also the absence 

-iT repaptea aamact~ortS in smgKiin a r c  malte. As a g m m t  ruk, tmml'rukk snrveyeTf W 

the three zones grow mostly sorghum, then maize, and millet; as we can see from the list 

and quantities of agricaltural products sold by each zone, very little sorghum or maize is 

marketed by these farmers. The deficit in home cereal production is therefore made up 

mostly by millet and rice purchases, rather than throu4,h the acquisition of additional 



TAWLB 3.4. 

FOOD PUI<CHASL?S, MU,ANIOU ZQNE 

1 tern 

Millet 

l i  ics 
Peanuts 

Sugar 

O i l  

Dry fish 

Uiscuits 

Onions 

C o f f e e  

Tomato  pas te  

!ialt 

I3eef 

Urcad 

Deer  m e a t  

Hot pepper 

C o l a  iluts 

Cow peas  

Concentrated s w e e t e n e d  milk 

Other i t e m s  

Tota l  

Total  Spent X of Total  



V000 PUICCI-IASES, SIN1'1-IICIU 171SSA ZONE 
(C12A Francs) 

- --- - - 

l tern 

Miller 

I< i ce  

Sugar 

Peanuts 

Oil 

Dry fish 

C o f f e e  

Salt 

13eef 

Bread 

Cola nut 

Tomato paste 

Lamb 

Biscuits 

Bouillon cubes  

Onions 

Fritters 

Concentrated milk 

Powdered milk 

Other i tems 

Total 



TABLE 3.6. 

FOOD PURCHASES, OLOLOOU ZONE 
(CPA Francs) 

I tem 

M illet 

It ice 

Peanuts 

Sugar 

Oil 

Dry fish 

Corn meal 

Coffee 

biscuits 

Salt 

Onions 

Tomato paste 

Pepper 

Beef 

Concentrated milk 

Tea 

Gola nut 

Powdered milk 

Hot pepper 

Lamb 

Deer meat 

Other items 

Total 

Total Spent % of Total 



3. I ./Ie Food Consurnption 

A dietary survcy of a l l  survcycd Ilouscholds was conducted for over a year; the basic 

rationale was that nutr i t ional intake (even simply defined in terms of calories and protein) 

As a valid and reliable indicatu '  of well-being i n  rural  communities. A tearn of six women 

enumerators, Pulaar-speaking and from the larger surrounding region, was hired, trained, 

cquipped and assigned to project villages for this purpose. 

Each surveyed household was surveyed for three consecutive days, three times a 

year. Prepared food was weighed and recorded before cooking, and the number of men, 

worncrr and children partaking of each meal was noted. Wornen enumerators were also i n  

charge of collecting from household women information on food purchases. 

Given the agelsex structure of the surveyed population, we estimate the weighted 

average caloric requirement per "fully active" pcrson to be about 2,300 Kilocalories (Kcal) 

per day (Latham, 19110). Observed levels of food consumption lead to lower estimates of 

nutr i t ional intake. For the surwyed population as a whole, Table 3.7. shows rnean caloric 

intake to be 1,965 Kcal  per person per day. Unadjusted protein intake is higher than the 

conventional norln of 30 to  35 required grams per person per day, but because of caloric 

deficiencies, part of i t is certainly converted to energy, so that the actual proteic intake 

is much lower. One should also note that the range of nutrit ional intake arnong surveyed 

families is rather wide. Table 3.11. and Figure 3.1. showr that i f  the better-off 25% of 

households cmsume at least 2,400 ~cal/person/day, the least well nourished 25% of 

households consume less than 1,43 1 ~cal/person/day. Although the dietary survey did not 

include between meal food consumption (which can be quite significant, especially for 

women and children), the data suggest severe nutritionzi'l deficiencies i n  a relatively 

important proportion of families. 

TABLE 3.7. 

FOOD CONSUl\r.i.'TION SUMMARY STATISTICS; ALL  ZONES 

Mean Stand. dev. .95 Conf. Interval 

Kcal/per/day 1,965 743.6 1,819 - 2,111 

Gr. prot/per/day 59.5 22.4 54.1 - 62.9 





TABLE 3.8. 

I~ISTIZIHUTIONAL ANALYSlS OF CALOtlIT: A N D  IJLLC)'l'EIN INTAKE; ALL ZONES 

Prob, Quantile Conf. Interval (95%) 

.25 1,431 1,325 - 1,605 

c 5  1,860 1,658 - 2,066 

.7 5 2,399 2,203 - 2,733 

(C rams/per/day) 

- 
I --. 

I'rob. Ouan;ile Cunf. Interval (95: ; )  

.25 43.9 39.8 - 47.8 

.5 55.2 5 I*'! - 59.9 

.75 67.9 65.1 - 79.9 

Since dietary intake was followed for over a year, it is possible to examine i t s  

evolution over the various seasons. Figures 3.2 through 3.4 show changes in 

population-wide levels over a year, data points being spaced one fortnight apart. First, 

since the composition of diet does not change significantly over time, caloric and proteic 

intake a r e  remarkably similar in trend. Secondly, caloric intake is clearly lower a t  the 

end of the dry season, when food stores a r e  exhausted, but a t  the time of most demanding 

agricultural labor. 'I'here is no doubt that agricultural productivity must suffer from this. 

A comparison of mean nutritional intake across zones presented in Table 3.9. reveals 

significant differences. Lowest caloric and proteic intakes a r e  observed in the Ololdou 

zone, which has poorer range and agricultural resources than the other two (along with 

high rates of migration), The Mbaniou zone comes second, with average caloric intake of 

just under 2,000 Kcal/person/day, close to satisfying requirements. The Sinthiou Fissa 

zone has slightly higher levels of caloric and protein intakes. Putting together what w e  

know of these three zones leads to these tentative conclusions: average nutritional 

intakes in the Mbaniou zone a re  consistent with relatively very low food production on the 

farm,.and lower out-migration, - but highest reliance on livestock sales for agricultural 

income. The Sinthiol~ Fissa Zone has probably had the highest level of agricultural ouput 

(it  was the only zone selling significant amounts of millet during the  year), i ts lowest 

livestock sales a r e  offset by the combination of more favorable agricultural conditions (at 









M bilniou 

I<cal/pers./day 

Protcin/per/day 

Sinthiou Fissa 

Kcal/pers./day 

Protein/per/day 

Ololdou 

Kcal/pers./day 

Protein/per/dq 

Mean Stand. Dev. 9 5 %  Conf. lntervzl 

least in  1983-84) and the highest extent of migration. Finally, the Ololdou zone had 

average livestock sales, but probably the greatest deficit in food production, which was 

not quite made up by remittances consistent with i ts  second rank in out-migration. 

One must note that there i s  a clear positive relationship between the extent of 

out-migra tion and the level of food purchases for surveyed families. The correlation 

coefficient between the migration index and food purchases i s  significant at the 95 

percent confidence level (see Appendix). 

3.2. MIGKATIOFi AND REMITTANCES 

3.2.1. Historical Foundation and Background 

The contemporary genesis of the Boundouts labor migration in general and to France 

i n  particular, lies i n  the migration   at tern of the Soninke of the Goy. The history of labor 

migration by the Soninke has been well documented by Adrian Adams (1977:48-65). 

Adams notes that the defezt of rne Soninke by the French colonial administration meant 

€ R a t  they a150 lost €Re confro1 o f  trade ahng €he Senegal Valley. rn order to ga5  new 

sources of income, the Soninke worked as stokers on river steamers, eventually moving to 

ships plying LISG coast of Afr ica from St. Louis. During the first World War Soninke 



stokers and ship lmcls wore hlracl on merchant ships 8oIng to thc ports of l3ordcnux irrld 

Marseille whcrc the flrst cornmilnitics of Soninke labor migrants wcrc cntablislrcd (Adtrrns, 

1977:48-69). 

Thc grcnt sure;e of 1~11grution took place in the post-World War 11 cconomic boom In 

Europe, starting i n  the late 1930s. Small groups of Soninkc established in French cities 

became the essential links i n  thc pattern of migration that evolved throughout the 60s and 

70s. In  this way, new migrants received help from kinsmen and friends who had preceded 

them i n  finding lodging and jobs. Soninke and Toucoulcur rrligrants who llad jobs in Prance 

financed and organized the migration of their kinsmen. The pattern and routes ol" 

rnigrirtion developed by the Soninke were later followed by the 'roucouleur of the l7outa 

Toro and the Doundou. Naturally, the route and rneans of travel changed many times to 

reduce expense and find the easiest entry into France whose borders have not always been 

open to labor migrants. The establishment of small groups of migrants i n  French cities of 

a common ctlmic group and from the same region opened the way to the process called 

chain migration (Duberson, 1975; Kane and Lericollais, 1975). 

By the early 1960s residents of the Uoundou started their own network of chain 

migration. By the late 1960s there rnay have been as many as 250,000 black Africans in 

France, 20% of whom were Toucouleur (Adam, 1977; N'Diaye, 1970). While this figures 

is probably inflated by half, the proportion of Toucouleur to Soninke is probably accurate. 

Migration from the Boundou cannot be compared i n  numerical importance to the pattern 

established by the Soninke of the Goy and Cuidirnaka, or of the Toucouleur of the Fsuta 

Toro. In the Fouta Toro the extent of migration varies greatly ranging from 24 to 47% of 

the able-bodied male population (Duberson, 1975; Fieloux, 1979). For the Cuidirnaka the 

extent of migration is estimated as 10 EO 15% of the male population (Bradley, 1977). A 

recent study done in the Coy showed that 30 to 50% o; the able-bodied male p~pulation 

was away on labor migration (Weigel, 1982:24). 

3.2.2. Migration from the Project Area 

Long-distance labor migration is a major social and economic feature 01 the project 

area. Table 3.10. shows that the overall nean number of migrants per household in the 

project area is 1.5; mean length of stay away from home for migrants who have returned 

being 5.6 years. The range is quite wide, however; in our sample absences varied from a 
-- 

-few weem €6 E7Uerat ~%%XZ&S. 'i%5 mearr age of cnrrerri- -3 km 2f $3 30 

years, according to the zone. The age pyramid in the project villages clearly shows that 

there are fewer rnen in their mid-twenties than would be the case without a constant 

outflow of men due to labor migration. 



I Mt.aniou I Sint hious 

Mcan Age 30 

Duration of 
Absence for I:c.mt!r 

Migrants (yrs.) 5.9 

Motives for migration,  shown in Table 3.1 I., tire clearly wagc-ernployrnent or iented,  

whether  f o r  cur ren t  or fo rmer  rnigritnts. 

TABLE 3.1 1. 

b1OTIVES FOR MIGRATION 

I Currell t  Migrants Former  ,bligran t s  

I Salaried Work I 105 I 4 3 I 
Trading 

Schooling 

O t h e r  

R e m i t t a n c e s  sent  by migrants  play a major  role  in t h e  local economy. For example,  

during a n  eight-month period f r o m  December  1983 t o  August 1984, six villages in two of 

t h e  project  zones received a l i t t l e  over  9 million CFA Francs  (about  $22,500) in posta l  

money orders. This i s  superior t o  t h e  value of sales  of a l l  agr icul tura l  products  frorn these  

vi1kct.s for t h e  s a m e  period. Table  3.12. shows t h e  a c t u a l  e x t e n t  o f  remittances.  Alnong 

migrants  t h e  destination of choice  i s  F rance  with 80 percent  of t h e  migrants present ly  

away being there ,  I percent  in Senega! and 9 percent  in o ther  Afr ican countr ies  ( for  

example,  Gabon ai7d t h e  Ivory Coast) ,  as we see f rom Table  3.13. 

Since  1974 T h e  French  government  has a t t e m p t e d  t o  stop labor migrants  f r o m  

mn~-C rrrromries, bur rhey h3rtr had rrurrtri-e sremrnhg dxz fiuw of migrarns. Our mrdy 

found t h a t  a determined individual with connect ions  in F r a n c e  can  eventually find a way, 

a s  i l lus t ra ted by t h e  following example. The smi th  in o n e  of t h e  project  villages was  
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F:rc:nch wcrc ~~t tc r r ip t i t ig  to s l o p  rrrigrurltu frclrl-I bli~(:k Africa. A ~ i c w  ~ ~ l l g r m t  route l~ t td  

bccri astablislml by which rnlgrdnls crltcrcd llrurlct? v iL l  Uclgiurr~. I!verytl~lrly, was rccrdy for 

t hc stnlthtu d c p r  ture whcn t l ~ c  IVcnclr ~r,ovcrrlrr~crl t arrcstcd two black A f  ric*i~tra crossing 

the I k lg ian  bordcr wi t l\uu t p r q m  pitpcrs. 

Thc Prcncl:, ppvcrrirncnt gave this :most arid subsequer\t rcpiitr iation rniljor covcrcrge 

or\ I{irdio France Intcrnatiorral, arid cncaurilgcd ttic Scnegalcse gover'nrsrcnt to do the sarric. 

Consequently, for scvcral wccks thc tnain r~iltionlsl daily papor r ~ r ~ d  tlic ria tioriill arid 

rcgional rildlo stations carried ricwscasts and ar r ic lc !~  a t  tempting to discourafie rriigrants 

Ilaading towards Francc. The srnith did not leave irt the appoiriterl !irnc buL 4clayed h i s  

dcparturc unt i l  hc received il cerotif!l=ate which his relatives in  Francc ilacl obiairled f ro~r l  

t l ieir local c i t y  Ililll. 'The cert i f icate crttested to tho fact that the srriith's kinsrncri woulcf 

bear ilriy expcnscv during his stay in Prance. Aplj -$ent ly  this strstegy worked because he 

l e f t  for France and did not return to the t\ounOou, In some c ~ ~ s c s  the process is much 

simpler, for instance, brothers trade places. 

TADLE 3.13- 

DESTINATIONS OF Mlc.i!<AN'TS 

I Current Migrants I Forrnrr Migrants I 
- - - -- 

France & Other Afr ican 
Nations 

Other liegions of 
Senegal 

~6n6na I  Oriental I 16C I 1 I 
NOTES: (a) lncluding 4 women. 

(b) Including 5 women. 
(c) Including 12 wornen. 

The cost of migration is high. Approximately 180,000 CFA Francs is necessary for 

the plane tic be^, but this cash outlay is gtlrrerally made by a relat ive who is already 

working i n  France. The f i rs t  migrants had to sell ca t t le  t o  finance ?heir t r ip  to France, 

but there is presentiy no need to raise money i n  Senegal as the trips are entireIy financed 

through re-ittances. In one case a vacationing migrant who did not have his return t icket 

received funds via a postal money order for i t s  purchase. This exarnple emphasizes the 
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close relationship that exists between the the migrants in  France and their families. The 

link between the rnigrant and his hoine community transcends the physical distance 

between them. Cash readily flows from France to Senegal to assist in household 

maintenance and in  the continued flow of migrants. 

Migration i s  always temporary, done primarily to send money back, and leads to 

eventual return to the Boundou. The large majority of migrants interviewed had held 

temporary and short-term jobs. Migrants state that they do not plan to stay permanently 

in  France; rnost hold low-level jobs with no upward mobility and very l i t t le  job security. 

Even those who have better jobs, for instance in  automobile manufacturing, rarely find 

themselves in  a secure position. From December 1982 to March 1983, for example, there 

was a major strike at the Flins Iienault plant outside Paris. The main strike issue was the 

laying off of workers to streamline the plant and reduce overhead; in  this case, the 

workers being laid off were migrant laborers. Several residents of the Boundou who were 

working at the plant took advantage of the strike to come home, though they were not 

sure they would be able to return to their job. Not only is their work situation rather 

precarious in  most cases but many migrants are never able to find secure or permanent 

jobs so that rnost of them work for temporary employment agencies. Some who work for 

temporary employment agencies use this to their advantage. When they are laid of f  after 

being in  France for several years they return home, a vacation that can be more flexible 

than i f  they had been using accumulated leave. 

migrant hostels where they room with kinsmen and fellow village members. This enables 

a rnigrant not only to minimize his expenses but places hirn in  a familiar environment, 

surrounded by friends who are often from his village's age-set group. Although the living 

conditions are spartan, they cut down on costs and maximize his support group of familiar 

friends. I n  many cases migrant communities almost recreate a village environment and 

participation in  tontines. Tontines are savings clubs bringing together groups of 

individuals who pledge to contribute a predetermined sum on a monthly basis,to a central 

fund. This fund is handled by each member of the tontine i n  turn. 

There are, of course, risks associated with migration. For example, one of the 

migrants interviewed described an arduous trip from the Boundou to Paris that took over a 

week. After less than a week i n  France, he came down with a severe case of pneumonia 

and had to be hospitalized for three months before he was back on his feet and able to  

find a job. A large percentage of migrants (between 10 to 20%) spend long periods of time 



Certain migrants are attracted by the new style of fast city living and start l i fe anew 

for a period of time. In  one such case a migrant who spent almost twenty years i n  France, 

married there and raised a family which he eventually le f t  to return to the Doundou. 

Several years later, one of his children was getting married and wanted him to be present 

at the wedding. A plane ticket was sent but he refused to leave his village and the 

wedding took place without him. Migrants live i n  two worlds and must periodically make 

a painful switch between them. This transition i s  so diff icult that men who had retired 

from migration were much more willing to talk about their experience than rnigrants 

home on vacation. One migrant on vacation absolutely refused to talk about his 

experience i n  France, saying that i t  was a different world and he did not want to associate 

i t  with his village l i fc  in  any way. 

The number of rnigrants who do not return seems to be very srnall. No one in the 

village that had rnigrants away for extended periods of tirne was willing to assume that 

they would not return home. The transition between the two worlds is difficult, but 

reintegration into the village of origin is the rule, rather than the exception. 

3.2.3. Remittances and Their Uses 

As we indicated earlier i n  section 3.2.2., important sums of money are sent by 

migrants to their home villages. For a small village of the blbaniou Zone with three 

migrants i n  France and one in  another African country, the amount of rernittances over a 

eight-rnonth period was over 2 million CFA Francs. In a survey of remittances to six 

villages, representing 75 households, one village received over 4 million CFA Francs while 

another received only 25000 CFA Francs. The mode of remittances for the six villages is 

1,700,000 CFA Francs. It is diff icult to determine with certainty whether a l l  the funds 

sent to a village are intended for that village. There are men i n  certain villages known as 

homme de confiance and who serve as a combination of banker and go-between. They 

receive money either to be held, invested or distributed as the sender requests. Funds 

sent to an hotnme de confiance i n  one village may be intended for another village. The 

project area, however, is generally a cohesive social unit, so it is fair to assume that even 

i f  a l l  the remittances sent to one of the project villages are not intended for it, the funds 

wil l  stay with i n  the area served by the project. 

Posrai money orders are not the m f y  way money is sent back. Some migrants send 

sums of money through friends who are returning on vacation or bring back cash 

themselves when they come on leave. 

The uses of remittances fal l  into several categories. The most common is for 

household maintenance and to make up for any subsistance deficit. However, the 



migrant's primary personal objective 

and acquire additional wives. This is 

prestige, and community-orient ed pro 
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is to use remittances to increase the size of his herd 

followed by home construction, personal and family 

~jects. 

Letters sent by migrants generally precede the arrival of remittal~ces and reflect 

their primary concerns: family maintenance, marriage negotiations and the purchase of 

cattle. Letters sent to migrants center on requests for funds, updates on marriage 

negotiations, and on catt le purchases. 

A typical letter sent by a migrant includes very specific instructions on how funds are 

to be used. They l ist the recipients by name and the arnounts of money they are to get. 

Funds are often earmarked for specific activities. A migrant may specify that a sack of 

millet be given to his father, that his mother receive six cakes of soap, that his first wife 

receive a certain sum, as well as his second wife's sisters. In one case the young brother 

looking after his cattle is assured that they wi l l  look for a horse for hirn when he returns 

on vacation, but in the mean tirne, to keep up the good work. The letter rnay finish with a 

cryptic note saying, give this amount to my friend and tel l  him to pursue what we had 

talked about before my departure. The migrant in this case is sending funds to help seal 

marriage negotiations that are being taken care of by a friend. 

As stated above, remittances are primarily used to make up for any subsistence 

deficit i n  the household. Remaining funds are used for investment and household 

improvements. Investments consist mainly of the purchase of cattle and negotiations for 

second and third marriages. The importance of cattle purchases was illustrated in  one 

village when the head of family, who works i n  France bought a lottery ticket and won a 

a very large sum. #hen the rnoney was sent back to the Boundou, the decision was made to 

purchase 5 O  additional head of cattle. The purchase was entrusted to a brother who was 

able to acquire over 65 head of cattle with the funds allotted. 

Remittances also finance small shops run by migrants1 wives or sisters. Twenty-five 

to f i f ty  thousand CFA Francs may be sent specifically for such investments. Virtually a l l  

small shops i n  the villages are capitalized through remittances. Remittances also are 

used to build tin-roofed cement block or cement-plastered houses. These buildings usually 

consist of three main rooms off  a long narrow veranda with two small rooms at  either end 

-sf-'-he veranda. --Re s k  -af?bqua&ty- of-the stwc?xre-depend-on the amount at -mane)c - -- 

available to the migrant. Throughout the project zone virtually a l l  the tin-roofed houses 

have been built by remittances except i n  a few villages where the marabout has been able 

to afford the construction of tin-roofed concrete structures. 

Remittances are also used to finance important collective efforts; i n  several villages, 

for instance, the digging of wells was financed through the participation of migrants. This 



kind of project  may represent an investment of 600,000 t o  1,500,000 CFA Francs divided 

among the  I5  to  20 migrants from tha t  village. In  one case  the  village determined tha t  

there  was a need t o  deepen the  existing well. The cos t  of the  deepening was est imated 

and communicated to  the  senior member of t h e  community in France. Members o f  t h e  

community then divided the cos t  among those who were employed; in this  particular case 

t h e  assessment was of 50,000 CFA Francs for  each  of the 12 employed migrants from t h z  

village. Funds may also be used for other  community projects such as building mosques, 

The importance to  t h e  community of having migrants abroad also re f lec t s  on the whole 

village during feasts  such as the Korit6. I t  should be noted, however, tha t  collective use 

of funds is not a lways t h e  case; in some villages t he  leading family has always assumed 

the responsibility for well construction and sees i t  a s  their right and obligation t o  

continue, This kind of a t t i tude  does not encourage migrants who a r e  not members of t he  

leading family and ca s t e  t o  par t ic ipate  in community projects. 

Remit tances  have also introduced innovation. In one ca se  this involves two 

  not or cycles (among the only motorcycles over 50 cc owned by individuals in t he  project 

area). One is a large 250 cc four-cycle machine t ha t  cos t  t he  owner 1300,000 CFA Francs 

plus about 140,000 CFA Francs for shipment t o  Senegal. The other  is  a LOO cc: two-cycle 

rnotorcycle. Both were used for transportation and for a tirne the  owners of the 100 c 

motorcycle used i t  instead of a horse t o  draw water  from the local well. Thk maintenance 

of the  motorcycles has been a problem: they were booh broken and unused as of August 

1984. However, they have been the  talk of the  village, and have conferred prestige upon 

owners and their houscholds. These vehicles represent a very sizable investment and 

indicate that the migrants a r e  open to experimentation and innovation with their 

rein ittances. 

3.2.4. Migrants and Vacations 

Few migrants a r e  able t o  return home on a yearly basis; generally they return t o  their  

village every two or  t h r e e  years, a f t e r  they have accurnulated two t o  th ree  months of  

vacation tirne, o r  leave a job and hope t o  return t o  another  one later. :- 

The reception given a vacationing migrant is an  event  tha t  demonstrates  t h e  utmost 

importance of migration in the social s t ruc ture  of the  Boundou. A sheep is  killed, a feast 

is organized with drums and  dancing by women. The returnlrrg migrant visits ot&r 

households where he  i s  e labr~rately welcomed and greeted. In re turn he is visited in his 

compound where he  presides, surrounded by friends and men from his age-set group. 

During his visit he  is  not expected t o  work. Though he may well supervise or check on his 

ca t t l e ,  he  will not o f t e n  be found drawing water  o r  working in t h e  fields, even if he is 



home during the  agr icu l tu ra l  season. The  migrant  spends much t i m e  in his household, and 

hopes t h a t  his wi fe  o r  wives will be  pregnant  be fo re  his departure.  H e  may a lso  spend 

t i m e  traveling to o t h e r  vil lages pursuing mar r i age  negot ia t ions  and visiting f r iends  and 

relat ives.  t i e  may spend t i m e  negot ia t ing c a t t l e  sa les  or finding and negot ia t ing with a ' 

mason f o r  t h e  const ruct ion of a c e m e n t  block house. 

T h e  vacationing migrant  i s  t r ea ted  with d e f e r e n c e  and respect  in his household a n d  

elsewhere. H e  i s  usually a t  leisure, and b e t t e r  dressed in new t radi t ional  c l o t h e s  than his 

fe l low villagers. All t h i s  provides a powerful  incent ive  t o  o t h e r  young men  t o  m i g r a t e  as 

soon as they can. The f e a s t  and celebra t ion t h a t  mark  his re turn ,  and t h e  way he i s  

t r e a t e d  wSen he is  home a t t e s t  t o  t h e  impor tan t  ro le  t h e  migrant  plays in his household 

and t h e  village. 

3.2.5. Returned M i ~ r a n t s  

T h e  mean a g e  of re t i r ed  rnigrants f o r  the  sample  is 40. hlost have spen t  f i v e  o r  rnore 

yea r s  working at very dull and hard  jobs, living in r a t h e r  a u s t e r e  conditions. Upon Ceturn, 

a migrant  assumes t h e  management  of his herd  and household. Re t i r ed  migran t s  a r e  not  

m e n  of leisure. Unlike migran t s  on vacat ion they assume manager ia l  responsibilities and 

p a r t i c i p a t e  in l ivestock and  agr icul tura l  a c t i v i t i e s  bef i t t ing  the i r  age. 

Not a l l  migrants  have  successful  experiences. Sorne re tu rn  a f t e r  t w o  o r  t h r e e  years, 

never  having been ab le  t o  ad jus t  t o  l i fe  in F r a n c e  o r  found a job. In s o m e  cases migran t s  

have  been unable to send money home, and  r e t u r n  wi th  very l i t t l e  to show for  t h e i r  

s a c r i f i c e  e x c e p t  fo r  the i r  experience.  

I3eturned migrants  play a n  impor tan t  r s k  in t h e  vil lage s ince  t h e  f r u i t s  of thei r  

migra t ion have provided for  thei r  family. Successful  o n e s  typically have  a l a rge  

tin-roofed house, o n e  o r  s e v e r a l  wives, and much l a rge r  l ives tock herds  than  before. All 

t h i s  enab les  thern to a s s u m e  a posit ion of a u t h o r i t y  or respec t  within t h e  village. 

3.3. CHANGE AND SOCIAL STRUCTURE 

T h e r e  i s  ev idence  of ongoing chal lenge to es tabl ished social  re la t ions  in  t h e  p ro jec t  

a rea .  This i s  causing f r ic t ion bo th  within villages and in s o m e  cases be tween  villages. I t  - -- . -- - - - - . . -- - - -  - - .. - - -  

i s  d i f f icul t  t o  i sola te  t h e  principal  a g e n t s  of t h i s  change  o r  t o  d e t e r m i n e  the i r  o r d e r  of 

importance;  however, migra t ion plays a major  ro le  a n d  along wi th  t h e  p ro jec t  itself is a 

major  a g e n t  of change. Because  of i t s  ins t i tu t ional  n a t u r e  and se rv ices  i t  brings t o  t h e  

a rea ,  t h e  p ro jec t  has  t ended  to c rys ta l i ze  conf l i c t  t h a t  would h a v e  o the rwise  remained 

muted.  



The changes at t r ibutable  t o  migration have occurred both a t  the individual and a t  the  

community levels. in some villages, for instance, slave and ar t isanal  ca s t e  households 

have been able  to  improve their  economic position considerably through labor migration. 

All cas tes  within a village a r e  likely t o  migrate  since social s ta tus  does not appear  t o  be a 

determinant  o f  labor migration. Migrants from lower and upper c a s t e  households have 

equal chances t o  succeed, and some lower ca s t e  households have done very well f o r  

themselves. This raises mild but unquestionable challenges t o  traditional social order 

within the  village. 

Some of the project programs have led t o  d i rec t  challenges of the established social 

order. A good example has been t h e  project's introduction of functional l i teracy classes 

in Pulaar. The curriculum of the Pulaar prograrn lasted three years, with classes being 

open t o  all villagers. In t h e  Mbaniou Zone, 1953 marked the  end of the  first l i teracy 

program. To continue the program, project staff held a tes t  to  select  the best s tudents  in 

each  of the  villages for  training as teachers. The selection of former s t ~ ~ d e n t s  to become 

teachers  was done essentially on the basis of merit. In one  village the best student was a 

young rnan from a slave ca s t e  household. He was given the  responsibility for teaching 

classes in his home village and in several surrounding ones. Of course, this rneant he 

would be teaching religious and chieftainship c a s t e  children as well a s  those from slave 

and artisanal castes. The upper c a s t e  family that gives the village i ts  chief objected t o  

this and asked t h a t  a n  upper c a s t e  student be made teacher. When the  project s t a f f  

refused this request, t he  chief notified them that  the  village would not par t ic ipate  in t he  

continuing literacy program since i t  meant  t ha t  upper c a s t e  children were to 

a slave c a s t e  youth. 

Another example of friction between ca s t e s  as a result of project 

occtired in t he  sarne village. The research and evaluation team gave  mall 

be taught by 

intervention 

ar ia  pills to 

participating villages. These were presented in a public forum and it  was s ta ted  that they 

were intended for t h e  village as a whole. In this particular village, t he  pills were never 

allocated throughout t he  village, but were all  used within t he  chief 's  family. When a 

second such g i f t  was being made, t h e  project representative was approached quietly by a 

lower c a s t e  member requesting tha t  t h e  project give another  box of pills for  the lower 

ca s t e  households since they had not been ab le  to share  in t h e  f i r s t  a l lotment  of pills. 
- -- . -- -- - - - - - 

The stronghold of the traditional social and historical order is not only evident within 

villages; i t  plays an important role in relations between sett lements.  This became obvious 

when a n  a t t e m p t  was made t o  group villages together  t o  work on demonstration plots 

using various methods t o  prevent erosion. One village t h a t  was t o  par t ic ipate  considered 

itself historically and socially superior t o  the others  and refused t o  take par t  in t h e  



collective effort. They felt that the effort shoulr: qave been done on their terms, and that 

they should not have been asked to participate as equals with villages of lower status. 

These are sorne of the rnost obvious manifestations of conflict precipitated by project 

interventions. However, in most cases conflict was not as obviously manifested. The 

village chief can play an important role in minimizing conflict within the village. In the 

project area it appears that villages with weak or unresolved leadership have more open 

conflict problems. 

Leadership in the project villages is assumed by the eldest male survivor of the 

founder or founders of the village. The line of succession is from eldest brother to 

youngest brother and then on to the eldest son of the eldest brother. The leadership of 

the chief is an expression of the consensus opinion based on the village's leading family 

and its elders. I f  the leading family has not agreed on its leadership, or if the leadership 

is weak, support for major issues is more difficult to establish. Conflict can be an 

indication that the leadership is not consolidated or that there is some dissention between 

the senior men of the Iounding families about the abilities of the present chief. In 

.villages where the chief is a strong leader and takes time to look after problerns, neither 

!caste conflict nor disputes betweell households will be too pronounced. In rnost villages of 
' *  the project zone the leadership is well in-hand. 

3.4. CONCLUSIONS 

It is important to keep in mind that for a number of reasons, including sociocultural 

homogeneity and local politics, the project area was expanded and reorganized in 1980 

into three zones, each of which have different resource endowments and strategies or 

orientations. One should also recognize that because of these factors and of difficulties 

in circulating back and forth across the escarpment, the Mbaniou Zone has received the 

bulk of infrastructural developrrrents: ponds, roads and firebreaks, and project technical 

headquarters. This is quite natural, because of the previous greater isolation of the 

Mbaniou Zone, its greater geological suitability to ponds, and its higher abundance of 

range resources. Conclusions will therefore tend to apply more particularly to the 

-tPthnkiu t o n ~ r h a n  ru other areas; -whenever contiusims art signifieanely dfrfe~eiti- in- the- 

case of other zones, it will be underscored. 

The basic setting of a strongly hierarchical settled agropastoral society is beset by a 

number of endogenous and exogenous factors promoting sociocultural change. The major 

endogenous factor is obviously the set of harsh climatological conditions which have led to 

a pattern of recurrent crises in the area. The essential symbiosis between agriculture and 



livestock remains, but capital accumulation (essentially livestock) through agricultural 

surpluses has ceased to be possible for quite some time; as a whole, the area is not 

self-sufficient in grains. Furthermore, we believe that even if young adult males now 

away on migration had remained to farm for their families, there still would be a food 

deficit in most years. 

We do not mean to imply that farming will cease to be the basic vocation, or 

orientation of project populations. It is still considered by people to be the appropriate 

venue of life; certain groups even maintain seasonal residences in  two types of villages: 

one for the rainy season, and one for the rest of the year, when no water is available in 

the other settlement. However, migration has clearly come to replace agriculture as the 

way to secure part of subsistence and all of savingslinvestrnent requirements. Local 

nonagricultural income is yet much too limited to play a similar role. We have every 

reason to believe that long-distance migration will rernain a major socioecono~nic feature 

and factor of change in the area. 

Livestock continues to play an essential role in social relations at the family, village 

and area level. They contribute, on the one hand, to soil fertility and on the other, to 

continued denudation around villages. Nevertheless, they bring in over 90 percent of 

agricultural income. 

Over the last eight years or so, the average size of herds owned by families living in 

the project area, and its agelsex composition, have remained fairly constant. It turns out 

that that high cattle mortality has long prevailed in the area, and that part of the 

reaction was to maintain herd productivity through purchases of heifers. As mortality has 

been reduced through project interventions, the need to replace breeding stock' has 

decreased -- although it remains substan"ra1 -- and offtake is still very low. Decreases in 

mortality therefore seern to have led to reduced outlays for purchases of 'replacement 

stock rather than in rapid expansion of standing herds. In our opinion, future gains in 

controlling cattle mortality will reinforce the sarne trend; purchases will be likely to 

decrease, and sales to increase, rather than lead to sharp increments in cattle holdings. 

Less is known about stnall ruminants unfortunately, partly because baseline data is 

not available. W e  do know, however, that mortality in sheep and goats is proportionally 

greater than for large ruminants. The potential benefits to be derived from low-cost 
- -- -- - - -  - - - - ---- 

extension programs aimed at women stock owners appears to be considerable. 

I n  spite of important food purchases by families in all project zones, levels of food 

consurnption are low. In fact, the zone where food purchases per household were the 

highest in 1983-84 is also the one where the nutritional value of food intake per person is 

the lowest. Furthermore, there are wide divergences around the mean level of caloric 



intake per person. For the lowest quarter  of families, caloric intake was below 1,431 

Kcai/person/day, whereas t he  most for tunate  25 percent  of families had an intake 

superior to  2,400 Kcal/person/day. There is no doubt tha t  this both springs f rom and 

contributes to, health problems and low agricultural productivity in t he  area,  

The assessment of ne t  impact  from project act ivi t ies  is complicated by strong 

interactions between interventions, and t h e  f a c t  tha t  some secondary benefits have been 

more substantial than gains from primarily intended purposes. 

3.4.1. Roads and Firebreaks 

Koads were built in the  a r ea  t o  allow access  t o  the  pond sites; most were then turned 

into seven-meter wide firebreaks, suitable for travel. Three fire towers were also built, 

as par t  of the overall f irefighting plan. 

Comparisons of overall yearly rangeland burns before construction of firebreaks and 

of t he  present extent  of burns, a s  well a s  ongoing observation during the project life, 

indicate that  neither: (a) the  extensive firefignting plan, nor (b) the firebreaks themselves 

have had a noticeable impact  on annual burning. The  effect iveness  of firebreaks has 

proved to  be rninirnal, because of the orientation of prevailing winds, the  narrowness of  

firebreaks, and very fast vegetation regrowth. A t  the s ame  time, the education e f fo r t  

designed to  raise consciousness in the  population's minds of the need for be t te r  bush f i re  

management does not seem to have made much of a n  impact. 

The basic problem i s  tha t  t o t a l  f i re  rnanagernent in t he  a r ea  is technically possible 

only a t  cos t s  entirely out  of proportion with the benefits one would derive from protecting 

vast expanses of l i t t le used rangeland from fire, The only cost-effective way to  deal  with 

f i res  in vast low productivity a r e a s  is f i re  prevention rather  than firefighting. However, 

this requires a difficult and long-term e f f o r t  of  dialogue and education with local 

populations. 

Nevertheless, one of the  most important aspects  of project interventions i s  the 

impact  t h a t  t he  establishment of this network of roads had on the  area. Previously, t he  

only means of communication available were c a r t  trails. Roads have allowed villages in 

t he  a r e a  t o  become integrated into t he  local administration; t raff ic  from government 

a g g n d e s  and political p a r t e s  has increased; and some pr ivate  transporters have s ta r ted  t o  - - ,  - 

penet ra te  t he  area. 



- -  

mortali ty of livestock a r e  directly related t o  this original approach 50 extension services. 

There is a lso evidence that  in larger villages, t he  supplemental feeding program initiated 

by t h e  project  has been adopted by some herd owners, although no priority in 

supplementary feeding seems t o  be given t o  lactating cows. 

3.4.2. Ponds 

The water  ca tchment  ponds have also had a positive, if limited, impact on the  area.  

They enable herders t o  use range tha t  would nat  have otherwise been accessible and push 

back the  t ime  when men must draw water  for their catt le.  However, long-term benefits 

from ponds a r e  quite limited. Because of serious infiltration problems, they retain water  

for  only a short  period of t ime  so t ha t  any benefits t o  c a t t l e  disappear by the end of the  

dry season. Similarly, relief on denuded a r ea s  around villages is  too brief to  stop the  

process of degradation. Furthermore, t he  current  design of ponds requires sorne regular 

maintenance: removing excess accumulations of silt, controlling erosion and evaporation 

by revegetation of slopes, building dikes, etc.  Nothing in the project's experience 

suggests tha t  local population5 have ei ther  the  means or the incentives t o  take upon these 

tasks. 

3.4.3. The M baniou Base 

Many livestock projects a r e  neither financially nor economically viable because of 

overwhelming infrastructural investments. In this particular case, however, t he  complete  

absence of any other  infrastructure in the project a r ea  justifies such interventions a s  road 

building and the  establishment of a technical base a t  Mbaniou, because of the  many 

ancillary benefits f rom this infrastructure. Firstly, the establishment of the base to  allow 

the  outposting of veterinary staff has been a success. Oecause of support a t  the  base, 

veterinary s t a f f  were assigned to  small  villages throughout t he  project  zone. The base has 

also brought other government services t o  the  area. The Ministry of Education has been 

able  t o  send a teacher  there, who s ta r ted  the first  Francophone school in the zone. The 

Bake1 health project has also taken advantage of these physical facilities; there  is now 

medical personnel in the a r ea  for the f i rs t  t h e .  

3.4.4. Livestock Extension Services 

The project has introduced the  f i rs t  regular delivery of veterinary services In the  

area,  especially through t h e  outposting of agents a t  t h e  Mbaniou base and in many 

villages. This allows herders t o  consult  with them, obtain advice and make them aware  of 



The project's livestock marketing program buys c a t t l e  from herders and sells them on 

the  Bake1 market, partly under pressure frorn local authorities. This resembles more a 

public service than e f fo r t s  to  maxirnize benefits t o  herders. The option of helping t o  

I 
organize c a t t l e  shipments to  more promising regional markets  like Coudiry and 

Tambacounda must b e  seriously explored. Marketing activit ies dealing with sheep also 

have excellent potential ,  especially as thky may re la te  to  the  sharp annual rise in demand 

for Moslem holidavs. 
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3.4.5. Other  Extension Services 

Functional Literacy 

Maison Familiale of Ndia 

General extension act ivi t ies  took on afie: 1980 a relatively bold new orientation, and 

have been much rnore x c c e s s i : ~ i  than anything a t tempted  previously. The project ' 

administration deserves very high marks for moving technical and ex tension field staff t o  

t h e  ,Mbaniou base, and assigning Pulaar-speaking agents  to  various villages, o r  the  Mbaniou 

base. By working so much closer t o  project populations, they have gained a grea te r  

degree  of trust on t he  par t  of villagers, and a much be t te r  perception of day-to-day 

problems facing them. 

Fluent Pulaar speakers were recruited and trained t o  teach li teracy in cer ta in  

villages. Classes have been extremely well received with a high level of attendance. The 

li teracy classes, f o r  children and adults, a r e  conducted around useful herd management o r  

village sanitation themes. A Francophone school was then opened in the  Mbaniou Zone; 

there  is no do.ubt tha t  this school was well attended, and by better-prepared students 

because rnost had alreadv achieved basic l i teracy ib Pulaar. 

The village of Ndia hosts a Maison Familiale (rural family extension center),  whose 

staff works in several villages of t he  Mbaniou Zone. They have been regularly monitoring 

the  weight and growth of infants. With t he  help of the Maison Familiale, the  villages of 

Ndia and Mbaniou have been able t o  obtain milling machines which a r e  important t ime and 

labor savers for women. 
- - - -ft -is- the~eie~e ekil ik€- p ~ ~ j s k  ifft-e~vantiws have not /us+, estiddhhmL - 

infrastructure  and delivery system, they have reinforced the  endogenous fac tors  of 

sociocultural and economic change a t  work in t h e  area. However, due  t o  t h e  previous 

isolation and backwardness of the  area, much remains t o  be done. There remains very 

strong obstacles t o  change and the adoption of new ideas and practices. In addition t o  

harsh natural conditions and lack of local resources, a t t i tudes  will const i tute  a 
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considerable obstacle to such continued project objectives as fire prevention, closer 

management of herds, maintenance of ponds and firebreaks, and revegetation of denuded 

areas. Pond and firebreak maintenance as well as revegetation, are tasks requiring very 

substantial levels of effort for which, in our opinion, neither means nor incentives (be they 

individual, or community-wide) are present at  this time. Experience also suggests t l ~ a t  

intercommunity cooperation will be even more difficult to secure. The final conclusion is 

that regardless of the level of project resources in the near future (likely to be low in any 

case), the most proper approach is to expand field level extension programs for basic 

humar, and livestock health and education. Over time, this will foster improvement in 

communications and change in attitudes essential to the continued search for appropriate 

and feasible solutions. 
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ZONE 

Soil Type 

Zone Seeno Seebo Jarwill 

M baniou 89 34 56 

Sinthiou Fissa 146 32 4 8 

Ololdou 16 8 0 .- 3 4 

VOTES: Seeno: light sandy soil 
Seebo: heavier, more cornpact soil 
Jarwal: intermediate 

TABLE A2. 

I.lISTKIi3UTIONAL ANALYSIS OF SMALL RUMINANT HOLDINGS, BY ZONE 
(90% Confidence Level) 

bl baniou 

Sinthiou Fissa 

. -- . - - . - 

Ololdou 

Prob. Quantile 
- 

Confidence interval 





TABLE A5. 

DISTlilDUTlONAL ANALYSIS OF ADJUSTED AGRICULTURAL SALES 
PER HOUSEHOLD 

(90% Confidence Interval) 

M baniou 

Sinthiou Fissa 

Ololdou 

Prob. Quanti le  Conf idence  Interval 
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TABLE A6. 

MBANIOU ZONE 

CORRELATION MATRIX 

(R a t  .I level of significance = .3061) 

Variable Calor 

Calor 1.0000 

Noemig -.0985, I .OCOO 

Sumarea .I079 .I741 1.0000 

Totrecol / ,22130 1 .2 110 1 .6785 / 1.0000 

Hdcatl 1.1761 .I623 -.Oil6 

Mncost 1 -.2820 1 .2219 I :?y:o 1 .1837 

TABLE A7. 

SINTHIOU ZONE 
CORRELATION MATRIX 

(R a t  .I level of significance = .3783) 

Variable I Calor I ~ o e m i g  IS";= I o l p  

Calor 

Noemig 

Sumarea 

Totrecol 

Hdcatl 

Mncost 

NOTES: Calor: 

---- 
Totrecol: Quantities harvested by individual households. 
Hdcatl: Cattle ownership, per household. 
Mncost: Index of household food purchases. 

Hdcatl Mncost 

Mncost 



Variable 

Calor 

Plolemig 

Sumarea 

'I'otrecol 

Hdcatl 

Mncost 

TABLE A8. 

OLOLOOU ZONE 

CORRELATION MATRIX 

(R a t  .I level of significance = .3365) 

Noemig Sumarea Totrecol Hdcatl Idncost 

TABLE A9. 

ALL ZONES 

CORRELATION MATRIX 

(R a t  .I level of significance = .1914) 

NOTES: Calor: 

- -  - -. . .. 

Variable / Calor 1 Noemig 

Calor 

Noemig 

Sumarea 

To trecol 

Hdcatl 

Mncost - 

Sumarea I Totrecol Hdcatl Mncost 
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E c h a n c i L L o n  

N o .  V a r .  9:  V a r .  LO: * ** 
(Obs. 1 O u a n c i c J  de  F u m u r e ,  en g r a m m w  P o i d s  R C c o L c C ,  an s r a m m e s  
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PHOJET El-WAGE DE MKEL 

MIGRATION: 1M)NNEES DE U S E  
(F lch r  No. 2 ) 

Nom d o s s i e r  H.P. WIG 1-1 Observa t iuns  Nu. - i - No. d r  v a r i a b l e s  

1 - 1  a 2: s a i s o n  v a r .  I: V i l l a g e  

Var. 4: Ho. du C a r r i  [I! Var. I: Enqufteur  

m 
rls lprebrrs  Jr l a  f a i l l e  a n t  q u i t t i  le v i l l a g e  t rmpurai rement?  

m 
Var. 7: Var. 8: Var. 9: Var. 10: Var. 11: 

Parr11t6 Wuir Fiche 0 S r x c  lCode A Haison* 'Curiec)tmnd P a r c i s ?  Ue>t inatLan ( v i l l r ,  ou pays) Coda - 

-- 

- --__ - -  - -- - - .  - - - ---- - - -- 

u e l s  mcmbres a c t u e l l e m r n t  a u  v i l l a g e  o n t  f m i p r i  a u t r e f o i s ?  

Var. 13: Var. 14: Var. 15: 

PdrcntS h u i r  F iche  1) Sexr  'Code Age h i s u n *  
--- 

.--, 

Z ~ r e  a d e i u i s r r &  uuc t u i s  par c a r r S  sculcmcnt ;  nu d i b u t  d r  l ' r n q u f t e .  

Var. 16: Var. 17: 

Uur& Abscncr .Code Dest inaLiun ( v i l l e  ou pays)  Code -- 

-- 



CHAMP INDIVIDUEL 
~ I J O .  3  ) 

1N0m doss ie r  H.P. CHAM Observations No. - No. de Variables 16 - 
Vat. 1: Date 

Var. 3: Vil lage 

Var. 4: NO. du CarrL I T ]  Var. 5: EnquSteur - 
Var. 6: No du Champ - [7r' Var. I :  Culture Accuelle (1903) 

Var. 8: C 4  champ esc  c u l t i v 6  principalemnnt par - 
Var. 9: C'est un champ de: v i l l a g e  ( I ) ,  brousse ( 2 ) ?  

CALCVL D E  SUPERFICIE -- 

(m6 t res /pas  - I CAP: -, Pl r iml t re  - m. X Erreur - 
Var. 10: Superf ic ie  

( s i  actuellernent en 
Var. 11: Nornbre dfann6es depuis l a  derniPre jachsre? lachiire, inscrire:O) 

Var. 12: Type de s c l  (p.e. seebo, seeno, j a rva l )  

"Combien avez-vous reco l  t6 su r  ce champ 1 ' ann6e derniiire?"; 

Vat. 16: "Quelle culcure  y a v a i t - i l  sur c e  champ il y a t r o i s  ans?" 
I 

I 

I 

I I 



PROJET ELEVACE DE BAKEL 

Var. 4: 

Var. 8: 

ENQULTE TRAVAIL ACRICOLE (Fiche No. 4 )  
- - -  I Nom dossier H.P. ACRI ~ ( ~ b s e r v a t l o n s  - 5 - No. de Variables 13 I 

No. du CarrO -m Var. 5:  Enqu~teur c 1  

Vdr. 9: I var. 10: 

Nu. d' heures Nu. J'lrcurrs I 
- - -  

Var. 11:  Var. 12: V a r .  13: I A I I 

l out l l  uuntrcl 
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PROJET ELEVAGE DE BAKEL 

CONSOMMATION ALIMENTAIRE 
(F iche  No. 5 )  

INOIII d o s s i e r  H.P. ALIH 1-[ Obaervat iona No. -- 3 - No. de  Var iab le0  14 1 
1 

D~~~ 1% Var. i: I a i c o n  n Var. I: V i l l a g e  Var. 1: -- - 
L'arrb d e  Var. 4: No du Carrl m v a r .  5: EnquEteur -- 

V i r l i t e  colmnencle B - (heure)  Visi te  achevde B - (heure)  

Var. 6: Type da Repas ler pe t i t - de j eune r  (1) ; 28me p e t i t - d l j e u n e r  (2) ; d6jeuner  ( 3 )  ; Diner  (4)  

- m 
Vax. 7: Si pe t i t - d6 j eune r ;  r e s t e s  du d i n e r  de  la  v e i l l e ?  (oui /non)  

Pour t o u t  repas :  Nombre d e  r a t i o n n a i r e s :  Vat.  8: No. d'Hommes m 
m # 

Var . 9: No. d e  Femrnes 

Var.10: No. d 'En fan t s  

NOM DU PLAT PRINCIPAL - 



V a r .  1: 

C a r r e  d e  

Dace -- PROJFX ELEVffiE DE BAKEL 

VENTES ET E C I M G e S  DE PRODPlITS ACBICOLSS ET BETAIL 
(Fiche No. 6 ) 

lNom d o e s  ier H .  P .  SORE O b e e r v a t  l o n e  No. - - bb. de V a r i a b l e s  12 I 
E k t H  I - I 

V a r .  2: S a i s o n  _L 0 V a r .  3: V i l 1 e g e  m 
LISTE DES PRODUITS VENDUS OU E C W E S  DEPUIS LA DERNIEBE V I S I T E  

E C H A Y G E S  

V a r .  ll: f Var. l2: 



. I 
dossier -3I.P. ACHA 1-1 Observations No. - 1 - No. de Variables 11 

Var. 1: Dare 
i 
I Var. 2: Saison Var. I: Village 

I I Var.64 I Var.7: I Var. 8: 
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PROJET ELEVAGE DE BAKEL 

EVOLUTION DU BETAIL, 
(Fiche No. 8 ) 

om doeaier H . P .  ANIM 1-1 Obeervaciona - a - No. de Variables 23 
I n 1 . r  

Var. 1: Dace Var. 2 :  Saison 

Var. 3: Vil lage .- 171 Card de 

Var. 4t  NQ. du Carre [TI Var. 5: Enquikeur 

CHANGEMENTS DEPUIS ZA DERNIERE VISITE 



PROJET ELEVACE DE B U E L  

EVOLUTION D U  BETAIL 
(Ptche No. 9 )  

Nom dossier H.P .  A:IIX 1-1 Observations - 3 - !lo. de Varhbtas 

Var. 1: @& Var. 2: Saison 

Var. 3: V i l l a ~ e  ( I 1 Carr6 da 

Var. 4: NO. du CarrG 113 Var. 5: EnquIceur 

CWNCMENTS DEPUTS LA DERNIERE VISITE 

11. HOUTONS (Var. 6)  

ENTREES SORTIES 

Var. 7 :  Vat. 8: Vat. 9: Var. 10: Var. 11: Vor. 12: 
Naisrance (1) DGcGdG (1) 
Achat ( 2 )  Vendu ( 2 )  
Don ( 3  1 Donnd ( 3 )  

bu. S R E  Code ACE Coda Pret ( 6 )  'Code SEXE r~oda  AGE Code Pretd (.i) Coda 

111. CHEVRES (Var. 6) 

, ENTREES SORTIES 

Var. 7: ~Var .  8: Var. 9: Var.10: Var.11: 

I 
Var. 12: 

Naissance (1) DdcGd6 (1) 
Acha t (2 )  Vendu ( 2 )  





PROJET ELE'dAGE USAl-D de BAKEL 

V l l  rage 

de Feu 

~menay6e 

d'eau 

Mare 

C c u r s  

Ps te  

ROLJ te 

Route 

Route  

Route 

Pavee 

f''0r-1 Revetue 

Secondare 

r 

i d r t e  b a s k  %r Ies 3notographles a& en ,  d, Fevrler 198~ .  
3ar 'Jaryam N a m -  Range Manager -jsa-\ ,USAID, Dee 19s> 

I 

R e ~ r ~ d u c t ~ ~ n  g r3~ f i que  par Jane McC>rn ick ,  Center R ~ & ~ ~ ~  
03 kmmmtc DevelOpment , i l n ~ v e r s ~ : , ,  of Mlcblyan, Ann Aybor 
M.cnigan, Fevrter 1983. s 
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